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FOREWORD 


MAPSEP (Mission Anslysis Program for Solar Electric Propulsion) 
is a computer program developed by Martin Marietta Aerospace, 

Denver Division, for the NASA Marshall Space Flight Center under 
Contract NAS8-29666. MAPSEP contains the basic modes: TOPSEP 

(trajectory generation), GODSEP (linear error analysis) and SIMSEP 
(simulation). These modes and their various options give the us er 
sufficient flexibility to analyze any low thrust mission with respect 
to trajectory performance, guidance and navigation, and to provide 
meaningful system related requirements for the purpose of vehicle 
design. 

This volume is the second of three and contains the input/ 
output description of MAPSEP and other user related information. 

Other volumes relate to analytical program descriptions and to 
program logical flow. 
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1. INTRODUCTION 

This manual provides the user of MAPSEP (Mission Analysis 
Program for Solar Electric Propulsion) with all the information 
necessary to Input the program and to obtain meaningful output. 

In addition to listing all the input variables, their definitions, 
units, etc., there are chapters discussing recommended usage and 
limitations, and sample runs. 

MAPSEP is composed of three primary modes, each of which 
performs a given function in a trajectory analysis. TOPSEP 

i 

(Targeting and Optimization for SEP) evaluates performance by 
generating realistic integrated trajectories which meet whatever 
mission and system constraints are imposed by the user. GODSEP 
(Guidance and Orbit Determination for SEP) evaluates trajectory 
dispersions, using linear error analysis techniques, in the presence 
of dynamic and navigation uncertainties. S1MSEP (Simulation 
for SEP) deterministically simulates single or multiple trajectories 
in the presence of discrete system errors. 

For the user who is unfamiliar with MAPSEP, it is recommended 
that he first study, briefly. Chapters 2 and 3 on Input and Output, 
respectively , to familiarize himself with some of the nomenclature 
and options. Next, a careful study of Chapter 4 on Operating Guidelines 
will yield considerable insight on MAPSEP Usage. The user can then 
return to Chapters 2 and 3 for specific information on his particular 
application. Finally, as additional background information, it is 
recommended that the Analytic Manual (Reference 1) and Program Manual 
(Reference 2) be referred to extensively. 



2 


2.0 INPUT 

The basic input to MAPSEP is in the form of namelist data, fixed 
field cards and magnetic tape. This chapter describes all available 
input. Chapter 4 will discuss the organization of this input for 
specific analysis functions. 

All MAPSEP modes require the namelist 0TRAJ which contains refer- 
ence trajectory and spacecraft characteristics. If desired, this 
namelist can be written on a disc file (STM) and eventually stored on 
magnetic tape to facilitate later runs or stacked cases in the same 
run. Following gTRAJ is mode peculiar input. 

The reference trajectory generation mode (TOPSEP) requires the 
namelist gT0PSEP to follow S?TRAJ. ST0PSEP contains parameters that 
determine the strategy for generating a trajectory which meets 
desired target conditions and mission constraints. The reference 
trajectory defined in $TRAJ is used as the initial guess. 

The linear error analysis mode (GODSEP) requires the namelist 
SSG0DSEP immediately after S$TRAJ . *G0DSEP contains system uncertain- 
ties and navigation and guidance related data to perform a covariance 
analysis about the reference trajectory. Following gG0DSEP, fixed 
field cards are input to describe measurement and propagation sched- 
ules. Two disc files or tapes are often used: STM and GAIN. These 
files contain trajectory and transition matrix data (STM) and a-priori 
covariances and orbit determination filter gains (GAIN) to improve 
computational speed and to provide additional flexibility. Another 
namelist gGEVENT is optional and contains guidance event information. 
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The trajectory simulation mode (SIMSEP) requires the namelist 
gSIMSEP to follow gTRAJ. gSIMSEP contains parameters which describe 
the scope of the simulation, expected dynamic errors, and cumulative 
statistics from previous SIMSEP runs. Following ^SIMSEP are a set 
of gGUID namelists, one for each guidance correction maneuver. gGUXD 
describes the strategy, knowledge or estimation uncertainties and 

cumulative statistics for that particular maneuver. 

The trajectory display mode (REFSEP) requires only the namelist 
jgTRAJ followed by scheduling cards, similar to those used in GODSEP. 

The fixed field schedule cards define: types of data displayed, span 

of interest, and frequency of printout. 

For those users who can vary the amount of blank common storage in 
their runs, a guideline to estimate the total MAPSEP core requirements 
is given below. Blank common length is related directly to the dimen- 
sion of the dynamic state (NDIM) used in transition matrix (STM) com- 
putation, and, the total augmented (knowledge) state (KAUG) . The values 
of '’program" and "blank common" must be added to compute the total decimal 
core for a CDC 6500. Other operating systems must scale these requirements 
appropriately. 

TOPSEP: program = 23400 o (N = number of 

blank common = 800 + 68(N) + (N) meters^ P ara 


GODSEP: program = 23900 2 

blank common = 100 +9 (NDIM) 

=100+9 (NDIM; + 
5 (NAUG) 2 2 

= 100 + 13 (NAUG) 


(if STM created) 
(if STM used) 

(if PD0T used) 


SIMSEP: program = 39100 

blank common = 900 + N(NAUG) 


(N = number of 
guidance 
events) 


REFSEP: 


program + blank common = 21000 
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2.1 Trajectory - #TRAJ Input Description 

The namelist $TRA J, which is read in by DATAM, contains reference 
trajectory and spacecraft related information for ballistic or low thrust 
missions. Many of the variables have adequate default values such that 
the user only has to input those which are different. The variables are 
grouped as either trajectory, spacecraft or miscellaneous parameters. 

Namelist JjfTRAJ: 

a) Trajectory Parameters: 


Variable Dim Default Units 


Definition 


STEP 1 .5 


Scaling factor of the inte- 
gration step size. 


B0DYIN 16x1 This array allows the user 

to input ephemeris data for 
a body that is not already 
included in MAPSEP (Planet 
Code is 10). The default 
values are those of the 
comet Encke. Orbital ele- 
ments are of the form 

X(t) = X + t where X 
o o 

is a constant, U is the 
rate of change and t is the 
time in Julian Centuries. 


B0DYIN(1) 

2444580.0 

days 

Julian date of ephemeris 
epoch. 

B0DYIN(2) 

500.0 

km 

Mean equational radius. 

B0DYIN(3) 

1000.0 

km 

Radius of the sphere of 
influence . 

B0DYIN (4 ) 

io " 9 

,3. 2 

km /sec 

Gravitational constant. 


i 
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Variable 

Dim 

Default 

Units 

Definition 

B0DYIN(5) 


33180812.67 

km 

Semi -major axis (a). 

B0DYIN(6) 


0.0 

Km/J.C.* 

Time derivative of the semi- 
major axis. 

B0DYIN(7) 


0.847 


Eccentricity (e). 

B0DYIN (8 ) 


0.0 

1/J.C. 

Time derivative of the 
eccentricity . 

B0DYIN(9) 


11.95 

deg 

Inclination of the orbit 
plane (i) . 

B0DYIN(1O) 


0.0 

deg/J.C. 

Time derivative of the 
inclina tion. 

B0DYIN(11) 


334.2 

deg 

Longitude of the ascending 
node ( ) . 

B0DYIN(12) 


0.0 

deg/J.C. 

Time derivative of £1 . 

B0DYIN(13) 


160.2 

deg 

Longitude of periapsis (CO). 

B0DYIN(14) 


0.0 

deg/J.C. 

Time derivative of <2 . 

B0DYIN (15) 


0.0 

deg 

Mean Anomaly (M) at ephem- 
eris epoch. 

B0DYIN(16) 


0.0 

deg/J.C. 

Mean motion (n) ; computed 
internally if input Is zero. 

DRMAX 

1 

50. 

km 

Maximum deviation from the 
reference conic before 
rectification. 

FRCA 

1 

0.4 

- 

Scale factor of the target 
planet serai-major axis used 


as the maximum S/C- target 
distance below which the 
closest approach test begins 
this avoids local minima, or 
"false" closest approaches, 
especially for inner planet 
missions . 


* ~ J.C„ is a Julian Century (36525 days exactly). 
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Variable Dim Default Units Definition. 


IAUGDC 10 

10*0 

- 

Flags used to identify the 
augmented dynamic state for 
GODSEP in the STM file gen- 
eration submode* Non-zero 
entries will activate a para- 
meter. 

IAUGDC(I) 



S/C position and velocity 
vec tors 

IAUGDC (2) 



Thrust bias: proportionality, 
pitch and a yaw. 

IAUGDC (3) 



Not used. 

IAUGDC (4) 



Gravitational constant of 
Earth . 

IAUGDC (5) 



Gravitational constant 
of sun. 

IAUGDC (6)- (7) 



Not used. 

IAUGDC (8 ) 



J2 zonal harmonic. 

IAUGDC (9) -(10) 



Not used. 

IC00RD 1 

3 


Planet code (see next 
page) of reference body 
of input state (STATE); 
positive values indicate 
1950.0 ecliptic inertial 
coordinates; a value of 
-3 indicates geocentric 
equatorial coordinates. 
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PLANET 

Sun 

Mercury 

Venus 

Earth 

Mars 

Jupiter 

Saturn 

Uranus 

Neptune 

Pluto 

User Specified 
Moon 
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Variable 

Dim 

Default 

Units 

Definition 

IST0P 

1 

1 


The trajectory termination 


flag. There are four pos- 
sible criteria for terminat- 
ing the trajectory. 


= 1, final time (TEND) 

= 2, closest approach 
= 3, sphere of influence 
- 4, stopping radius (RST0P) . 

NB 11 11*0 - This array is used to input 

the bodies to be considered 
in the trajectory propaga- 
tion. The entries in NB, 
correspond to the non-zero 
values of the planet codes. 
The sun is automatically 
included . 

M0RBIT 1 1000 REV’S The number of orbital 

revolutions between the 
coarse shadow tests, 
o If | M0RBIT / > 1000 or 
M0RBIT = 0 the shadow 
logic will not be executed, 
o If 1000 > M0RBIT > 0 shadow 
logic will be executed but 
shadow phase changes will 
not be printed, 
o If -1000 < M0RBIT < 0 

*■' shadow logic will be 

executed and shadow phase 
changes will be printed 
(IPRINT must not equal 
zero) . 


J2 

1 

1.082645 

x 10 -3 


J2 zonal harmonic. 

J2FLG 

1 

0 

- 

J2 activation flag. 
- 0, no J2 effect. 

= 1, J2 on. 

IN0RB 

1 

0 


FLAG indicating the type of 
components comprising the 
initial state vector (STATE) 
= 0, Cartesian state 
= 1, Orbital elements. 


9 


Variable 

Dim 

Default 

Units 

Definition 

NTP 

1 

3 

- 

The planet code of the tar- 
get body. 

RST0P 

1 

31096.5 

km 

The stopping radius must be 
specified when IST0P is set 
to 4. The default value is 
set to a synchronous Earth 
orbit . 

STATE 

6 

6*0. 

km, 

km/ sec , 
deg 

Initial state vector; if 
IN0RB = 0, then cartesian 
(X, Y, Z , X, Y, Z); if 
IN0RB = 1, r 

periapsis,, 

r apoapsis,i> f (true 

anomaly) (see also IC00RD) . 

TEND 

1 

0.0 

days 

The trajectory termination 
time, tf ina i, relative to 
launch. The input may be 
full Julian Date or days 
from launch. 

TLNCH 

1 

0.0 

days 

The Julian Date of the tra- 
jectory epoch (launch). 

T START 

1 

0.0 

days 

The trajectory time associ- 
ated with the input state. 
This can be a Julian Date 
or days from launch. 

XB0DY 

1 

6HENCKE 

- 

Hollerith label for the 


input body (B0DYIN) . 


b) Spacecraft Parameters: 


Variable 

Dim 

Default 

Units 

Definition 

ENGINE 

30 



This array defines the spaci 
craft thrust subsystem 
(Section 4.1, Reference 1). 

ENGINE (1) 


21.65 

KW 

Useful power from the solar 

array at 1 AU (P ) . 

0 

ENGINE (2) 


. 65 

KW 

Housekeeping power (P ) , 

UK. 

ENGINE (3) 


21.65 

KW 

Maximum power when r^ r . 

(P ). See ENGINE (9). min 
max ' 
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Variable 

ENGINE (4) 
ENGINE (5) 
ENGINE (6) 
ENGINE (7) 
ENGINE (8) 
ENGINE (9) 

ENGINE (10) 
ENGINE (11) 
ENGINE (12) 
ENGINE (13) 

ENGINE(14) 

ENGINE(15) 


ENGINE(16) 

ENGINE(17) 
ENGINE (18) 
ENGINE (19) 
ENGINE (20) 

FLX 


Dim Default Units 


Definition 


1.4382 

0.0 

-0.2235 

0.0 

-0.2147 

1.0 


29.418 


AU 


km/ sec 


Power Constant (C^). 

Power Constant ( 02 )* 

Power. Constant (C^)* 

Power Constant (C^). 

Power Constant (C ) . 

D 

Heliocentric distance for 

which the power is a maximum 

(r . ) • 
mm 

Ion exhaust velocity (c) . 


1.0 - Thruster efficiency ) • 

0.0 1/sec Power loss (P^) • 


0.0 


- 1.0 


days Time decay of power loss 

prior to start of the 
mission. 


Not used. 


(meters) 


2 


Radiation pressure coeffi- 
cient times the effective 
cross-sectional area of the 
solar arrays (C A) . If 
negative, no radiation pres- 
sure . 


1.0 


3 

9 

.464 

0 


1 0 . 


Scale factor on ENGINE(15) 

when r < r . . 

mm 


min. 

min. 


Thruster startup delay time 
I after end of a shadow period. 


min/sec 1 If shadow time £ ENGINE(17), 

. , 2i then delay = 0., otherwise 

m±n/SeC J delay = ENGINE (18) + ENGINE (19) 

* shadow + ENGINE (20) * (shadow) 2 . 


14 

10 Cumulative particle flux (1 MEV 

part/ equivalent) 

cm^ 


10 


14 


pare/ 

cmr 

sec 


FLXD0T 


1 


0 


Flux rate. 
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Variable 

Dim 

Default 

Units 

Definition 

IENRGY 

1 

1 


This flag determines the 
type of power subsystem. 

0 - Ballistic 

1 - Solar Electric Power 

2 - Nuclear Electric Power 

ISCD 

1 

0 

- 

Solar cell (and power) 
degradation flag resulting 
from particle flux. 





- 0, no power degradation 
= 1, power degradation by 
flux 

PHAS 

4 



Thrust control phasing para- 
meters (See also THRUST). 

PHAS(l) 


0. 

deg 

Pitch (or in-plane) phase 
angle . 

PHAS (2 ) 


0 . 

deg 

Yaw (or out-of-plane) phase 
angle. 

PH AS (3) 


0 . 

— 

Not used. 

PHAS (4) 


0. 

rad/ sec 

Mean motion used when "fast" 
variable is time dependent 
anomaly. 


> 0. , time dependent anomaly 
relative to phase start 
time , 

£ 0., eccentric anomaly. 


SCMASS 1 2000.0 kg 


Spacecraft mass at TSTART. 


THRUST 


10x40 This array defines the 

thrust contr.ol policy for 
the trajectory. Each column 
contains the controls for 
each segment of the trajectory 
for i - 1 to 40 segments. 

For orbit plane system. 

In-plane thrust = a Q +a ^ t+a 2 s ^ n (E+PHAS(1)) 
Out-of-plane thrust = a^+a^t+a,. sin (E+FHAS(2)) 

For pitch/yaw Policy 1, 
pitch = a "^ a ^"^ a 2 s ^ n (E+PHAS(1)) 
yaw = a^+a^t+a^ sin (E+PHAS(2)) 

For pitch/yaw Policy 2, 
pitch = a^+a^ s: *- n (E+a^) 

yaw = a 3 +a 4 sin (E+a ) 


10 -c 


Vai lable Dim Default Units Definition 


where E = eccentric or time 
dependent anomaly (See PHAS(4)); 
See also Analytic Manual, P. 17). 
Note that the THRUST array allows 
for 40 control segments; however, 
this full capability is used 
only in the GODSEP mode (See 
P. 156) whereas TOPSEP and 
SIMSEP are restricted to 20 
control segments. 


THRUST (1 , i ) 

9., 39*0. 


= 0., last thrust phase 

- 2.. orbit plane thrust policy 

- 3., pitch/yaw policy 1 
= 4., pitch/yaw policy 2 
= 9. , coast 

THRUST (2, i) 

20 

40*10 

days 

Days from launch for which 
the i^ 1 phase ends. 

THRUST (3 ,i) 

o 

* 

♦— 1 
o 


Throttling level (T^) . 
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Variable Dim Default Units Definition 


THRUST (4 , i) 

40*0.0 

deg 

In-plane or pitch angle (a^) . 

THRUST ( 5, i) 

40*0.0 

deg or 
deg/sec 

Thrust policy coefficient 
(a^. 

THRUST (6, i) 

40*0.0 

deg 

Thrust policy coefficient 
(a 2 } 

THRUST ( 7, i) 

40*0.0 

deg 

Out of plane or yaw angle (a^) 

THRUST (8 , i) 

40*0.0 


The number of thrusters. 
This is required only for 
G0DSEP and SIMSEP. 

THRUST (9, i) 

40*0.0 

deg or 
deg/sec 

Thrust policy coefficient 

THRUST (10, i) 

40*0.0 

deg 

Thrust policy coefficient 

( V 


c) Miscellaneous Parameters 


Variable 

Dim 

Default 

Units 

Definition 

EDIT 

200 

200*0.0 


These arrays are used for 

I ED IT 

20 

20*0 

- 

storage related to temporary 

LEDIT 

20 

20*. F. 

- 

program modifications. 

I0PT 4 

I0PT (1) , (2) , (3) 
I0PT (4) 

2, 1,0,1 


Optional trajectory control 
flags . 

Not used. 

Primary body change test 
= 0, check for body changes 
= 1 , no check 

IPRINT 

1 

0 

— 

This flag controls trajectory 
print. 


> 0, Print every IPRINT 
integration steps. 

= 0, No print. 

= -1, Print every XPRINT 
days . 

- -2, Print every event. 

IPRINT = -1 should rarely be 
used, especially in the 
G0DSEP mode. It is suggested 
to set IPRINT = 20000. The 
result will be prints, at 
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Variable 

Dim 

Default 

Units 

Definition 





every primary body and 
thrust control phase change 
and at termination. 

NEQPRT 

1 

0 

- 

Flag to turn on equatorial 
trajectory print (if = 1). 

ISTMF 

1 

1 

- 

This flag is used in con- 
junction with the STM file 
and the namelist SfTRAJ . 


= 0, Ignore. 

= 1, Write the namelist 

gTRAJ onto disc; create 
the STM file if the 
mode is GODSEP. 

= 2, Read $TRAJ from disc; 
read the STM file if 
the mode is GODSEP. 

= 3, The same as 2, but also 
read the a-priori covar- 
iances from the GAIN 
file if the mode is 
GODSEP . 

= 4, Read $TRAJ from disc and 
update with a second in- 
put $TRAJ namelist. 


M0DE 

1 

2 


This flag indicates the operat- 
ing mode of MAPSEP . Positive 
values will recycle back to 
MAPSEP main, while negative 
numbers will return to the 
main of the mode. This fea- 
ture allows the user to run 
stacked cases. 





= +1, Targeting and Optimization 
(T0PSEP) . 

= +2, Error Analysis (G0DSEP) . 

= +3, Simulation (SIMSEP) . 

PRNML 

1 

F 

- 

Do (T), do not (F) print in- 
put namelist #TRAJ 

XPRINT 

1 

10 20 

days 

Trajectory print frequency. 
Must be specified when 
IPRINT “1 (MPRNT = -1 

in $T0PSEP) 
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d) REFSEP Parameters 


Variable 

Dim 

Default 

Units 

Definition 

E7.VMIN 

1 

0 . 

deg 

Minimum elevation angle for 
tracking S/C or target body. 

KARDS 

1 

0 


Number of formatted print 
schedule cards to be read 
in after the $TRAJ namelist 

NPUNCH 

1 

0 


= 1, punch THRUST array to 
include shadow periods 
as coast phases. 

= 0, no punch cards. 

PITCHI 

1 

16700. 

. 2 
kg-m 

Moment of inertia about 
pitch axis. 

R0LLI 

1 

123000. 

. 2 
kg-m 

Moment of inertia about 
roll axis. 

SPHL0C 

1 

.T. 


= .T., station locations in 
spherical coordinates 
= .F., station locations in 
cylindrical coordinati 

STAL0C 

3x9 


km, 

deg 

Array of tracking station 
locations; coordinate system 


determined by SPHL0C; for 
Ith station. 


YAWI 


1 


136200. 


kg-m 


2 


STAL0C(1,I) = radius or spin 
radius 

STAL0C(2,I) = latitude or 
longitude 

STAL0C(3,I) = longitude or 
z~height 

Default stations correspond 
to: 

1=1, Goldstone, California 
1=2, Madrid, Spain 
1=3, Canberra, Australia 
1=4, Johannesburg, South 
Africa 

1=5, Carnavon, Australia 
1=6, Fairbanks, Alaska 
1=7, Rosman, New Mexico 
1=8, Santiago, Chile 
1=9, Corpus Chris ti, Texas 

Moment of inertia about yaw 
axis . 
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2.2 TOPSEP Input Description 

The input for the TOPSEP mode is transmitted via the namelists 
$TRAJ and $T0PSEP. $TRAJ contains the basic trajectory and space- 
craft information for a nominal low thrust mission. $T0PSEP contains 
the necessary parameters to alter the nominal trajectory in order to 
obtain a more desirable trajectory. All namelist vairables assume 
the program default values if they are not specified by input. In 

addition, once a variable has been set by namelist input or by 
default, it will resume that value at the beginning of all succeed- 
ing stacked cases even though the value may have been changed by 
the program during any one stacked case. 


Namelist #T0PSEP : 

Variable Dim De fault Units Definition 

Tolerance on control bounds 
within which a modified con- 
trol correction may be imple- 
mented (See Page 143). 

The tolerance region within 
the minimum and maximum 
bounds (ULIMIT (1,1), ULIMIT 
(1,2)) is defined by BT0L x 
(ULIMIT (1,2) -ULIMIT (1,1)). 

Maximum increase allowed in 
the cost index per iteration 
(decimal percent of nominal 
cost index value) (See Page 
146) 


BT0L 1 . 05 


DFMAX 1 1000. 


DP 2 


1 


0.04 


Estimated region of linearity 
(See Page 150). 
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Variable Dim Default Units 


Definition 


EPS0N 

1 

0.0 


Scalar multiple for control 
perturbation; if no accept- 
able control step, then a 
new sensitivity matrix will 
be calculated based upon the 
revised perturbations 
H(I,J) = H(I,J) X EPS0N. 

(See Page 144) . 

EDIT 

200 

200*0.0 


This array is used to input 
real variables for temporary 
program modicia tions , 

G 

20x1 

20*0.0 


Performance gradient (may 
be input if available from 
a previous computer run) 
(See Page 146). 

GTRIAL 

5x1 



One-dimensional search 


constants (See Page 144). 
Let P = P (T) be the func- 
tion to be minimized (the 
cost index and/or the error 
index) and IT be the step 
size scale factor to be 
optimized, then 


GTRIAL (1) 

0.1 


may not be less than 
T i x GTRIAL (1) . 

GTRIAL (2) 

5.0 

- 

”iT\ may not be greater than 
GTRIAL (2). 

GTRIAL (3) 

0.01 


If the A % of V i+1 to T ± 

is less than GTRIAL (3) then 
P ( TT) is considered minimized. 

GTRIAL (4) 

l.E-15 


If the A% of the estimated 
Pi to the actual P^ is less 
than GTRIAL (4) then P(tf*) is 
considered minimized. 

GTRIAL (5) 

4.0 

- 

Real flag designating the 
extent of the curve fitting 
in the new control direction. 


~ 1., two-point-one-slope fit; 
= 2 „, three-point-one-slope 

fit; 

= 3., three-point fit; 

= 4., four-point fit. 

(e.g., GTRIAL(5) * 4. indi- 
cates t ha t all four 
curve fitting tech- 
niques may be applied 
in the preceding order). 
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H 


10x22 220*0. 


Mixed 


Array of control designations. 
A non-zero value indicates the 
associated parameter is a con- 
trol. 

If 

IASTM = 0, values of H are 
perturbations used 
in finite differenc- 


ing. 


IASTM = 1, values of H are used 
only as activating 
flags. 


The first 20 columns of H cor- 
respond to elements of the 
THRUST array (See Page 10-B) 
(e.g., H (4,1) = .1 identifies 
the cone angle of the first 
phase as a control. Note: 
THRUST (I,J), I = 2,7 and 
J = 1,20 are the only valid 
thrust controls). The last 
two columns of H correspond 
to the parameters listed be- 
low. When the grid mode is 
operative the H array repre- 
sents the first step for the 
selected controls (See HMULT 
for designating second step). 


H(l,21) 
H(2 , 21) 
H(3 ,21) 
H(4,21) 
H(5 ,21) 
H(6 ,21) 
H(7 ,21) 
H(8 , 21) 
H(9 , 2 1) 
H(10,21) 
H(l,22) 
H(2 ,22) 

H(3 ,22) 

H (4 , 2 2 ) 

H(5,22) 
H(6 ,22) 
H(7 ,22) 
H(I,22) 


Parameters Selected as Controls 


km 

x, STATE (1) . 


km 

y, STATE (2) 


km 

z, STATE (3) 

Geocentric or 

km 

r, STATE (7) 

Heliocentric 

km/ sec 

x, STATE (4) 

Ecliptic 

km/ sec 

y, STATE(5) 

Initial State 

km/ sec 

z, STATE (6) 


km/sec 

v, STATE (8) , 


km 

Parking orbit : 

radius of periapsis 

km 

Parking orbit i 

radius of apoapsis. 

deg 

Inclination of 

parking orbit. 

deg 

Longitude of ascending node of 


parking orbit. 


deg 

Argument of periapsis of parking 
orbit. 

deg 

True anomaly of S/C at initial 


trajectory time 

:» 

- • 

kw 

Base power at 1 au, ENGINE (1) 

km/ sec 

Exhaust velocity, ENGINE (10) 

kg 

Initial mass, £ 

5CMASS 

- 

1-8,10 ; not 

used 



16 


Variable 

Dim 

Default 

Units 

HMULT 

20 

20*0 

- 

IASTM 

1 

1 



I EDIT 20 20*0. 


IM0DE 1 2 


INSG 1 0 


IWATE I I 


J¥ATE 1 0 


LED IT 20 20*F 


Definition 

Scalar multiple of non-zero ele- 
ments of the H array (max of 20) 
used to define the second step in 
the grid mode. See p. 138. 

Flag designating the method of com' 
puting the targeting sensitivity 
matrix 

= 0, finite differencing by means 
of perturbed trajectories 
= 1, integrated state transition 
matrices 

If IAS1M = 1 the parameters avail- 
able as controls are restricted. 

See Page 140 and Page 15. 

This array is used to input 
integer variables for temporary 
programs modifications. 

T0PSEP submode designation. 

- 1, reference trajectory 

propagation. 

- 2, target and optimize. 

= 3, generate trajectory 

grid . 

If flag set to 1, then target sen- 
sitivities S and the performance 
gradient G are input; if flag left 
0, ignore (See Page 146). 

Type of control weighting (See 
Page 141-A). 

= 1, unity weighting. 

“ 2, normalized control 
weighting . 

= 3, sensitivity weighting. 

= 4, combined sensitivity, target 
error, and control weighting. 

= 5, target gradient weighting. 

= 6, averaged gradient and con- 
trol weighting. 

Target weighting flag (See P. 142) 

= 0, do not weight target 
variables . 

= 1, use tolerances to 
weight targets. 

This array is used to input logical 
variables for temporary program 
modifications . 
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Variable Dim 


Default 


Units 


Definition 


MPRINT 10x1 10*0 - Print option flags. 

=-l, print every XPRINT 
days and at control 
phase and primary 
body changes. 

= 0, no trajectory print. 

- I, print every I inte- 
gration steps. 

MPRINT (1), reference trajec- 
tory and grid print. 

MPRINT (2) , perturbation tra- 
jectory print. 

MPRINT(3), trial trajectory 
print. 

MPRINT (4), supplementary 
print fo'* targeting mode. 
MPRINT (5) - (10), not used. 


NMAX 

1 

1 


Maximum number of iterations 
allowed . 

0PTEND 

1 

89.999 

deg 

Optimization termination 
angle; optimization is 
considered complete when 


cos 9 = G • A ^2 
|G|x IAUJ 


approaches 0 (when 0 
approaches 90 deg). If 
0PTEND < 0 < 90 optimization 
is considered complete. If 
0PTEND is set to 0 deg 
T0PSEP will generate a tar- 
geted but not optimized 
trajectory . 


0SCALE 

1 

1.0 

Scale on performance index 
for simultaneous targeting 
and optimization (See P. 149) 

PCT 

1 

0.2 

Fraction of target error to 
be removed in the first 
iteration (See P. 143), 

PRNML 

1 

F 

Do (T) , do not (F) print 

input namelist $T0PSEP 
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Variable 

S 

ST0L 


TARGET 

TART0L 


Dim Default Units 

6x20 120*0.0 Mixed 


1 0.001 


6x1 6*0.0 Mixed 


25x1 25*0.0 


Definition 


Target sensitivities (may be 
input if available from 
previous computer run) See 
Page 146* 

Minimum difference allowed 
between the inner prod* cts 
of the columns of the sen- 
sitivity matrix and the 
inner product of exactly 
linearly dependent vectors. 
If Sj and S^2 represent the 
first two columns of the S 
matrix and 



then the two columns are 
considered linearly dependent 
and the control associated 
with one of the columns 
(U(l) or U(2)) will be dropped 
from further consideration 
during the current iteration. 
(See Page 142) 

Target values; must be input 
in the same numerical cider 
as indicated by the index on 
the TART0L vec tor . 

Vector of target tolerances; 
a non-zero value of any com- 
ponent indicates that the 
associated target parameter 
will be included in the tar- 
geting process. A positive 
tolerance denotes an ecliptic 
reference system. A negative 
tolerance denotes an equatorial 
reference system. If any tar- 
get is flagged equatorial, all 
targets are assumed referenced 
to the equatorial system. The 
desired target value should be 
input in TARGET. The targets 
are evaluated at the stopping 
condition (IST0P in $TRAJ) WRT 
the target body (NTP in $TRAJ). 
The targets which are allowed 
are : 
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Variable 

TART0L(1) 

TART0L(2) 

TART0L(3) 

TART0L(4) 

TART0L(5) 
TART0L(6) 
TART0L ( 7 ) 

TART0L(8) 

TART0L(9) 

TART0L(1O) 

TART0L(11) 

TART0L(12) 

TART0L(13) 

TART0L(14) 

TART0L(15) 

TART0L(16) 

TART0L(17) 

TART0L(18) 

TART0L (19) 

TART0L(2O) 

TART0L(21) 

TART0L(22) 

TART0L(23) 

TART0L(I) 


Dim Default Units Definition 


km 

(1) 

x - c omp of S/C WRT target 
body. 

km 

(2) 

y-comp of S/C WRT target 
body. 

km 

(3) 

z-comp of S/C WRT target 
body . 

km 

(4) 

r , radial distance 
from target body. 

km/sec 

(5) 

x-comp . 

km/ sec 

(6) 

y-comp. 

km/sec 

(7) 

z-comp. 

km/ sec 

(8) 

|v| , velocity magnitude 

- 

(9) 

Not used. 

km 

(10) 

Radius of periapsis. 

km 

(11) 

Radius of apoapsis. 

deg 

(12) 

Geocentric equatorial 
latitude . 

deg 

(13) 

Geocentric equatorial 
longitude . 

days 

(14) 

Time of periapsis 
passing . 

km 

(15) 

a, semi-major axis. 

- 

(16) 

e, eccentricity. 

deg 

(17) 

i, inclination. 

deg 

(18) 

. , longitude of 

ascending node. 

deg 

(19) 

(jj , argument of 
periapsis . 

deg q 

(20) 

MA, mean anomaly. 

deg 

(21) 

TA, true anomaly. 

days 

(22) 

Time of apoapsis 
crossing . 

kg 

(23) 

I = 

Final S/C mass. 
24, 25 not used. 
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Variable 

TL0W 


TUP 


ULIMIT 


UWATE 


Dim Default Units Def ini tion 


1 1.0 - Limit of quadratic error 

index (EMAG) below which 
optimization only is per- 
formed. (See Page 150). 


1 1.0 


20 

20x2 20* (-10 , Mixed 

io zu ) 


20x1 20*1.0 


Limit of quadratic error 
index (EMAG) above which 
simultaneous targeting and 
optimization is discontinued 
and targeting only is initi- 
ated. (See Page 150). 

Minimum and maximum bounds 
on the controls in the con- 
trol vector. The units are 
the same as those of the 
controls (See Page 141-A). 

User input control weight- 
ings which are applied for 
all choices of the variable 
IWATE . 
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Tug Parameters 


Variable 

Dim 

Default 

Units 

Definition 

AZHAX 

1 

120. 

deg 

Maximum launch azimuth con- 
straint for inner parking 
orbit 

(launch from Cape Kennedy) 

AZMIN 

1 

35. 

deg 

Minimum launch azimuth con- 
straint for inner parking 
orbit 

(launch from Cape Kennedy) 

RPl 

1 

6567.26 

km 

Inner parking orbit radius 

TGFUEL 

1 

10673.0 

kg 

Maximum weight of fuel for 
transfer stage 

TUGISP 

1 

309.2 

sec 

Specific impulse of transfer 
stage 

i 

TUGWT 

1 

1714.6 

kg 

Dry weight of transfer stage 


21 


2.3 GODSEP Input Description 

Three forms of input are used by the error analysis mode. The 
namelist $G0DSEP is used to define output, all measurement and event 
information (except the scheduling of measurements and propagation 
events), and all covariance initialization and propagation informa- 
tion. Immediately following $G0DSEP are NSCHED cards defining the 
scheduling of all measurements and propagation events. The format 
for these cards, as well as a definition of data type codes, appears 
after namelist $G0DSEP is defined. 

Following the measurement schedule cards are a series of 
optional namelists for guidance, each called $GEVENT. Reading of 
$GEVENT is controlled by the guidance flag array IGREAD, described 
in $G0DSEP. 

Reference is made below in the definitions of IPF0RM and 
IGF0RM to the "packed" and "unpacked" forms of a matrix. If the 
solve-for covariance matrix PS is dimensioned 10 x 10, but the 
current run has only 2 solve-for parameters, the 2 x 2 PS matrix 
is considered "packed" if the four covariance elements occupy the 
first four consecutive words of storage for the PS matrix. This 
can be achieved in namelist input by 
PS = 9., .63, .63, 4., 

If, however, the namelist input contains 

PS(1,1) = 9., PS (1,2) - .63, 

PS (2,1) = .63, PS (2 ,2) = 4., 

the four elements of PS will occupy words 1, 2, 11, and 12 of the 
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PS matrix due to internal storage standards and the matrix is termed 
’’unpacked . " 


2.3.1 Namelist $G 0 DSEP - Covariance Initialization and Propagation: 


Var i'able 
IPF0RM 


IR0T 


P 


CXS 


CXU 


cxv 


cxw 


PS 


csu 


CSV 


csw 


Him Default Units, 

1 '0 


1 0 

6x6 1000 km ; 

.05 km/s 
each com- 
ponent 

6x11 0 
6 x 13 . 0 
6 x 15 0 
6x10 0 
11x11 0 

11 x 13 0 
11 x 15 0 
11x10 0 


Definition 


= 0, input knowledge 
standard deviations 
and correlation co- 
efficients in packed 
form (see above for 
definition of packed 
and unpacked) 

- 1, input knowledge in 
unpacked form. 

= 0, knowledge covariance 

is in ecliptic coordi- 
nates. 

= 1, covariance is equatorial. 

Standard deviations and 
correlation coefficients 
of state at epoch defined 
by TCURR 

Correlations between 
state and solve-for 
parameters 

Correlations between 
state and dynamic 
consider parameters. 

Correlations between 
state and measurement 
consider parameters 

Correlations between 
state and ignore 
parameters . 

Std. dev. and correlation 
coefficients of solve- 
for parameters 

Correlations between 
solve-for and dynamic 
consider parameters 

Correlations between 
solve-for and measurement 
consider parameters 

Correlations between 
solve-for and ignore 
parameters 
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Var iable Dim Default Units 


De f inition 


PU 

CUV 

cuw 

PV 

cvw 

PW 

IGF0RM 


13x13 0 

13x15 0 

13x10 0 

15x15 0 

15x10 0 

10x10 0 

1 0 


PG 

CXSG 

CXUG 

CXVG 

CXWG 

PSG 

CSUG 

CSVG 

CSWG 

PUG 

CUVG 

CUWG 

PVG 

CVWG 

PWG 

C0NRD 1 






F 


Std. deviations and correlation 
coefficients of dynamic 
cons ider parameters 

Cori'elations between dynamic 
consider and measurement 
consider parameters 

Correlations between dynamic 
consider and ignore parameters 

Std* deviations and 
correlation coefficients of 
measurement consider parameters 

Correlations between 
measurement considers and 
ignore parameters 

Std. deviations and 
correlation coefficients of 
measurement consider parameters 

Ignored if C0NRD = .FALSE.; 
if C0NRD = .TRUE. , 

— 0 , input control uncertainties 
pac ked 

=1 , input control uncertainties 
unpacked. (see above 
definitions of packed and 
unpacked) 

Standard deviations and corre- 
lations of control covariance 
(analgous to P, CXS, . PW) ; 
if C0NRD = .FALSE., then control 
covariance is set to a-priori 
knowledge; if C0NRD = .TRUE., 
then control must be input 
at epoch defined by TG. 


=F, set apriori control to 
a priori knowledge 
=T, assume a-priori control 
read in namelist 
(See Page 159) 


24 


Variable 

Dim 

Default 

Units 

Definition 

DYN0IS 

1 

T 


=T, compute effective process 
noise matrix for use with state 
transition matrix propagation 
=F , don't compute effective 
process noise 

SCMVAR 

1 

0 . 

kg 

initial S/C mass standard devi- 
ation 

SIG0N 

1 

0 . 

sec 

Standard deviation in thrust 
start-up process. 

ITVERR 

1 

1 

- 

Type of second thrust noise process 


- 1, thruster dependent 
= 2, thruster independent (vehicle 
dependent) 


EPSIG 3x2 


mixed 

EPSIG (1 , 1) 

.035 

- 

EPSIG (2 , 1) 

.01 

rad 

EPSIG (3,1) 

.01 

rad 

EPSIG (1, 2) 

0 

- 

EPSIG (2 , 2) 

0 

rad 

EPS IG (3 , 2) 

0 

rad 

EPTAU (1,1) 

4 

days 

EPTAU (2,1) 

1 

days 

EPTAU (3,1) 

1 

days 

EPTAU (1,2) 

0 

days 

EPTAU (2, 2) 

0 

days 

EPTAU (3, 3) 

0 

days 

I AUG 50 

50*0 

- 


Process noise standard deviations, 
used only for STM (not PDOT) . 

S td . dev, in magnitude proportion- 
ality noise 

Std, dev. in Ditch (or in-plane) 
angle noise, 

Std. dev. in yaw (or out-of-plane) 
angle noise. 

Std. dev. in secondary process 
for magnitude proportionality. 

Std. dev. in secondary noise process 
for pitch (or in-plane) pitch angle. 

Std. dev. in secondary noise process 
for yaw (or out-of -plane) angle. 

corresponding to EPSIG (I,J) 

and PDOT process noise 
(See Page 159) 


Parameter augmentation control 
IAUG(I) controls augmented of 
parameters to state vector as 

follows 
=0, not used 

=1, parameter solved-for 
=2, parameter considered 
=3, parameter ignored (generalized 
covariance only) 
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Dim Default Units Definition 

IAUG(I) parameters available 

(1) thrust acceleration 
propor tional ity 

(2) pitch (or in-plane) angle bias 

(3) yaw (or out-of-plane) angle 
bias . 

(4) gravitational constant of the 
Earth 

(5) gravitational constant of the 
Sun 

(6) J 2 

zonal harmonic 

(7) not used 

(8) thrust noise magnitude *1 first 

(9) thrust noise pitch angler noise 

(10) thrust noise yaw angle J process* 

(11) thrust noise magnitude second 

(12) thrust noise pitch anglernoise 

(13) thrust noise yaw angle J process* 

(14) radius. Station #1 

(15) longitude. Station #1 

(16) latitude. Station #1 

(17) , (18), (19) radius, longitude, 

latitude for Station #2 
(20), (21), (22) radius, longitude, 
latitude for Station #3 
(23), (24) 2-way doppler, range 
bias from Station #1 
(25) , (26) 2-way doppler, range 
bias from Station #2 
(27), (28) 2-way doppler, range 
bias from Station #3 
(29), (30) 3-way doppler, range 
bias from Station #1, 2 
(31), (32) 3-way doppler, range 
bias from Station #1, 3 
(33), (34) 3-way doppler, range 
bias from Station #2, 3 
(35), (36) azimuth, elevation 

angle biases from Station #1 
(37), (38) azimuth, elevation 

angle biases from Station #2 
(39), (40) azimuth, elevation 

angle biases from Station #3 

(41) star-planet angle bias 
star #1 

(42) star-planet angle bias 
star #2 

(43) star-planet angle bias 
star #3 

(44) apparent planet diameter 
angle bias 

(45) horizon scanner altitude (CO ) 

bias ^ 

*Pi tch and yaw may be replaced by in-plane and out-of-plane angles. 
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Variable 

Dim 

Default 

Units 

PD0T 

1 

F 



PR0PG 

1 

F 

- 

SCHFTL 

1 

T 

- 

TCURR 

1 

TSTART 

(0TRAJ) 

days 

TFINAL 

1 

TEND 

(0TRAJ) 

days 

TG 

1 

TCURR 

days 

T0LBAK 

1 

1.0 

days 

T0LF0R 

1 

.002 

days 

Measurement 

Related 

: Variables 

Variable 

Dim 

Default 

Units 


Definition 


(46), (47), (48) horizon scanner 
angle biases 
(49), (50) Not used. 

logical flag controlling 
covariance integration 
z T, propagate covariance by 
integration 

s F, propagate covariance by 
state transition matrix 
method 

not used for input, overridden 
internally 

logical flag 

“ T, failure to mesh on STM 
file within tolerances 
defined by T0LF0R and 
T0LBAK is fatal 
= F, mesh failure not fatal 

Epoch for input knowledge uncer- 
tainties, referenced to TLNCH (if 
PDOT = .TRUE, and TCURR ^ TSTART, 
(See Section 4.2.5). 

Error analysis final time, 
referenced to TLNCH 

Epoch for input control uncertain- 
ties if C0NRD = T and control epoch 
different from knowledge epoch 

Backward tolerance on meshing 
scheduled event times with STM 
file times 

Forward tolerance on meshing 
scheduled event times with STM 
file times 


Definition 


C0RL0N 


1 


.9 


Station- to-station longitude 
correlation for ground-based 
tracking stations 
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Variable 

Dim 

Default 

Units 

Definition 

D0PCNT 

1 

12 

Meas . / 
Day 

Nominal number of dopier measure- 
ments to be taken per day for 
scaling doppler noise (SIGMES(l) 
and SIGMES (3) ) 

GAINCR 

1 

F 


Controls GAIN file creation (See 
Page 162) 

= T, create GAIN file 
= F, do not create GAIN file 

GENC0V 

1 

F 


- F, current run not generalized 
covariance 

= T, generalized covariance run, 
forces IGAIN = 4 

HC02 

1 

1.03632 

km 

Altitude of C02 layer for horizon 
scanner 

IGA IN 

1 

1 


Defines OD filtering algorithm 
= 1, Kalman-Schmidt 
= 2, sequential weighted least 
squares 

= 3, User- supplied filter (See 

Analytic Manual, Section 6.4) 
= 4, read filter gain from GAIN 
file (TAPE 4) 

NSCHED 

1 

0 


Number of measurement and propa- 


gation event scheduling cards to 
follow namelist $G0DSEP 


SIGMES 15 


mixed Array of measurement white noise 
standard deviations 

SIGMES (1) 

1.0 

mm/sec/1 min sample 

2-way doppler 

SIGMES (2) 

3.0 

meter 

2-way range 

SIGMES (3) 

a 

mm/sec/1 min sample 

3-way drequency 
drift 


SIGMES (4) 


10.1 


meter 


3-way range 
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Variable Dim Default Units Definition 


S IGMES (5) 

1600. 

J *- rad 

SIGMES (6) 

1600. 

/* -rad 

S IGMES (7) 

150. 

/* -rad 

SIGMES (8) 

150. 

-rad 

SIGMES (9) 

10. 

km 

SIGMES (10) 

.48 

km 

SIGMES (11) 

291. 

/■^-rad 

SIGMES (12) - (15) 

- 

- 

SPHL0C 1 

.T. 

- 


azimuth angle 
elevation angle 

on-board optics -- star planet 
angle 

on-board optics -- apparent 
planet diameter 

on-board optics -- center-finding 
uncertainty; used in conjunction 
with star-planet angle 

horizon scanner altitude 

horizon scanner angle 

not used 

coordinate system of station 
locations and their errors 
= .T., spherical 
= .F., cylindrical 


SIGALT 

1 

35. 

meter 

altitude 

I a-priori 

SIGLAT 

1 

35. 

meter 

latitude 

' standard 
l deviations 

SIGL0N 

1 

35. 

meter 

longitude 

’ of equivalent 






station 

SIGRS 

1 

35. 

meter 

spin radius 

locations (See 
IAUG and SPHL0C) 

SIGZ 

1 

35. 

meter 

z-height j 


STAL0C 

3x9 

- 

km, deg 

Array of tracking station 
locations (See REFSEP input, 





P. 12-B) 


STARDC 

3x9 


- 

array of ecliptic star direction 


cosines (or, equivalently, unit 
vectors in star directions) used 


for star-planet angle measurements 
vector locating Jth star loaded in 
Jth column of STARDC 


default values are (fictitious 
stars) 


STARDC (1,1) = 

.98, 

.16, 

-.07 

STARDC (1,2) = 

- .64 , 

.70, 

-.31 

STARDC (1,3) = 

-.34, 

-.86, 

.37 



29 


Event Variables 




Variable 

Dim 

Default 

Unit 

Definition 

NEIGEN 

1 

0 

- 

Number of eigenvector events to 
be scheduled (maximum 10) . 

TEIGEN 

10 

10*0. 

days 

Array of eigenvector event times 
(See Page 158). 

t 

NPRED 

1 

0 

- 

Number of prediction events to be 
scheduled (maximum 10) 

TPRED 

10 

10*0. 

days 

Array of prediction event times 

TPRED2 

10 

10*0. 

days 

Array of times predicted to 

NGUID 

1 

0 

- 

Number of guidance events to be 
scheduled (maximum 20) 

TGUID 

20 

20*0. 

days 

Array of guidance event execution 
times 

TDELAY 

20 

20x0. 

days 

Array of guidance event delay 
times. Guidance events are scheduled 
at execution time minus delay time, 
and covariances are propagated for- 
ward to execution time. 

TCUT0F 

20 

20*0. 

days 

Array of guidance event cutoff 
times for impulsive maneuvers, 
set TCUT0F (I ) « TGUID (I) 

IGP0L 

20 

20*0. 

- 

Array of guidance policy control 
flags (targets evaluated at 


TIMFTA) 

= 0, no maneuver, print control 
uncertainties 

= 1, target to cartesian state, 

X> Y, Z 

= 2, semi-major axis (a), 
inclination (i) 

= 3, a, i, RCA 
= 4, |r i, /y| , i 
= 5, variable time of arrival (XYZ 
targeting) 

IGREAD 20 20*0. - Array of guidance event read control 

flags (if non-zero, control weights 
C0NWT will be read), See Page 163. 
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Variable Dim Default Unit 


NC0N 1 4 


C0NWT 5 5*1. 


UMAX 

5 

5*50. 

7 

/o, 

deg, 

day 

TARWT 

3 

3*1. 

- 

TIMFTA 

1 

0 . 

days 

SIGDV 

4 


mixed 

SIGDV(l) 


.01 

- 

SIGDV (2) 


2.E-4 

km/ s 


Definition 

= 0, do not read namelist $GEVENT 
= 1, read namelist /GEVENT, and 

recompute control and target 
variation matrices (VMAT and 
SMAT) 

= 2, read gGEVENT 

Number of controls for low thrust 
guidance (must be greater than or 
equal to number of target variables). 
Controls are ordered: 
magnitude 
pitch* 
yaw* 

cutoff time 

start-up time (or arrival 
time if IGPJ0L = 5) 

= 1, magnitude only 
= 2, magnitude and pitch* 

= 3, magnitude, pitch, yaw* 

= 4, magnitude, pitch, yaw* Gutoff 
time 

- 5, use all five controls 

Relative weighting factors for 
controls defined by NC0N 
Small number weights out effect 
of control. 

C0NWT may also be re-defined in 
namelist EVENT 

Maximum allowable (UT) control cor- 
rection as defined by NC0N 


Relative weighting factors for target 
parameters defined by IGP0L 

Stop time for target conditions 
(overrides TFINAL) . 

Array of standard deviations defin- 
ing impulsive ^ V execution errors 

Standard deviation of proportion- 
ality error 

Standard deviation of resolution 
error 


*Pitch and yaw anglejmay be replaced by in-plane and out-of-plane angles. 
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Variable Dim Default Unit Definition 


SIGDV (3) 


.065 

rad 

Standard 

pointing 

deviation in ecliptic 
angle 

SIGDV (4) 
Output Control 

.065 

rad 

Standard 

ecliptic 

deviation in out of 
pointing angle 

Variable 

Dim 

Default 

Unit 

Definition 

CHEKPR 

10 

10*F 


Array of 

logical flags controll- 


ing check point options which may 
be useful in debugging. The fol- 


lowing elements of CHEKPR are 

activated if set equal to .TRUE,: 

(1) - writes to nominal output 

file (TAPE 6) all information 
on STM file (TAPE 3) during 
file generation and all 
information reads from the 
STM file. In addition, the 
results of each transition 
matrix chaining operation 
in subroutine STMRDR (See 
Program Manual) is also printed. 

(2) - Prints every measurement. 

(3) - Prints full covariance, not 

standard deviations and 
correlation coefficients, 
before and after each meas- 
urement . 

(4) - Writes to nominal output file 

(TAPE 6) all information 
written on GAIN file (TAPE 4) 
during creation, and all infor- 
mation read from GAIN file for 
IGAIN = 4 option. 

(5) - Writes to nominal output file 

(TAPE 6) knowledge and control 
uncertainties at end of burn 
interval and transition matrix 
over burn interval for low 
thrust guidance, or eigenvalues 
and eigenvectors of expected 
AV covariance for impulsive 
guidance . 
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Variable Dim Default Unit Definition . 

(6) - computer time computation and 

display 

(7) - print 6x6 covariance in 

equatorial coordinates 

(8) - reads from STM file to compute 

coordinate transition matrices 
needed for guidance rather than 
calling TRAJ. 

(9) - Prints covariance before and 

after each propagation 

(10) - dump core when mission time 

TDUMP. 


TDUMP 

1 

io 20 

days dump time (See CHEKPR(IO)) 

IPR0P 

1 

0 

Propagation event print control 
= 0, no print 

= 1, print standard deviations and 
correlation coefficients of 
S/C state only 
- 2, full eigenvector event 

J0BLAB 

10 

Blank 

Hollerith label to be printed with 
each measurement and event print 

MPFREQ 

12 

12*0 

- Measurement print frequency con- 


trol. If MPFREQ (X) * N, the 
first time the data type corre- 
sponding to MPFREQ (I) is scheduled 
it is printed. Thereafter, that 
data type will be printed each 
time its count is divisible by N. 

The following correspondences 
between MPFREQ and data type are 
used. (See also Section 2.3.2). 

(1) - two-way doppler (code 100X) 

(2) - three-way doppler (code 11XX) 

(3) - simultaneous 2-way/3-way 

doppler (code 12XX) 

(4) - differenced 2-way/3-way 

doppler (code 13XX) 

(5) - two-way range (code 200X) 

(6) - three-way range (code 21XX) 

(7) - simultaneous 2-way/3-way 

range (code 22XX) 

(8) - differenced 2-way/3-way 

range (code 23XX) 

(9) - azimuth-elevation angles 

(code 30XX and 300X) . 

(10) - star-planet angles (code 4XXX, 

40XX and 400X) . 

(11) - apparent planet diameter (code 

5000). 

(12) - not used. 

(13) - horizon scanner observations 

(code 7000) 



Variable 


Dim 


Default 


Units 


Definition 


PRNC0V 5 


PRNC0V (1) T 


PRNC0V (2) T 


PRNC0V (3) F 


PRNC0V (4) F 


PRNC0V (5) F 


PRNML 1 F 


Print control for standard deviations 
and correlation coefficients. (T = 
TRUE, F = FALSE) 

Do (T) or do not (F) print state 
standard deviations and correla- 
tion coefficients and correlations 
with all augmented parameters 

Do (T), do not (F) print solve-for 
standard deviations and correlation 
coefficients and correlations with 
other parameters 

Do (T), do not (F) print standard 
deviations and correlation coeffi- 
cients for dynamic consider para- 
meters and correlations with other 
parameters . 

Do (T), do not (F) print standard 
deviations and correlation coeffi- 
cients for measurement consider 
parameters and correlations with 
ignore parameters 

Do (T), do not (F) print standard 
deviations and correlation coeffi- 
cients for ignore parameters 

Do (T), do not (F) print input 
namelist gG0DSEP after reading 


PRNSTM 5 . 


PRNSTM(l) T 

PRNSTM (2) F 


Print control for state transition 
matrix partitions. The flagging 
of any PRNSTM element causes prints ^ 
with each state transition matrix 
print, of the sensitivity of the rele- 
vant parameter set to the entire 
augmented state vector. 

Prints sensitivities for S/C state 

Prints sensitivities for solve-for 
parameters 


PRNSTM (3) F 


Prints sensitivities for dynamic 
consider parameters 


F 


Prints sensitivities for measurement 
consider parameters 


PRNSTM' (4) 
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Variable Dim Default Unit Definition 


PRNSTM (5) F 

PUNCHE 5 5*F 


Prints sensitivities for ignore 
parameters 

Punch flag for complete knowledge 
or control standard deviations and 
correlation coefficients at events 
= T, causes punching 
■= F, does not 
Elements of PUNCHE are: 

(1) - knowledge at propagation 

event 

(2) - knowledge at eigenvector 

event 

(3) - knowledge at thrust event 

(4) - knowledge at time TPRED2 

for prediction events 

(5) “ control before and after 

maneuver at each guidance 
event 


SUMARY 1 T 


= T, write SUMMARY file (TAPE 8) 
= F, do not write SUMMARY file 
(TAPE 8) 


2.3.2 Measurement and Propagation Schedule Input 

Measurement schedule cards follow directly behind namelist 2G0DSEP. 
Each card contains three time control variables in Columns 1-30 in 
format 3F10.4 and one measurement code (MESC0D) right justified in 

Columrt AO (format 110). 

Time control variables are START, ST0P, DELT 

START - start time, referenced to TLNCH, for scheduling 
current data type; 

STOP - stop time for current data type; 

DELT = time interval increment for scheduling. 

For example, if START = 10.5, ST0P = 20. DELT =1.0, the current data 
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type will be scheduled ten times at 10.5, 11.5, 12.5, ..., 19.5 days. 
Internal tests modify START if it is less than TCURR, and ST0P if it 
is greater than TFINAL so that no measurements are scheduled outside 
the requested error analysis interval. 

One additional option is available on scheduling. Any scheduling 
card on which DELT is zero or negative redefines the allowable schedul- 
ing interval from (TCURR, TFINAL) to the (START, STOP) interval defined 
by that card. All succeeding measurements are scheduled in the interval 
defined by that card until another card with a zero or negative DELT is 
encountered . 


If DELT is greater than zero and no measurement code appears 
(MESC0D = 0), propagation events will be scheduled. Except for pro- 
pagation events, all other allowable measurement codes are 4-digits, 
defined as follows (station and star numbers are defined in STAL0C 
and STARDC, respectively): 


lOOn 

limn 

12mn 

13mn 

200n 

21mn 

22mn 

23mn 


2- way doppler (range-rate) from Station n; 

3- way doppler from Stations m and n; 
simultaneous 2-way/3-way doppler from 
Stations m and n; 

differenced 2-way/3-way doppler from 
Stations m and n; 

2- way range from Station n; 

3- way range from Stations m and n 
simultaneous 2-way/3-way range from 
Stations m and n; 

differenced 2-way/3-way range from 
Stations m and n 



36-A 


300n 


300m 


400n 


40mn 

4kmn 

5000 

600n 

7000 


azimuth and elevation measured from 
Station n; 

azimuth and elevation measured simultaneously 
from Stations m and n; 

on-board optics, angle measurement between 

, .. , , th 

primary body and star n, defined by n 
column in STARDC array; 

two simultaneous star-planet angle measurements 
with primary body and Stars m and n 
three simultaneous star-planet angle measure- 
ments with primary body and Stars k, m and n; 
apparent planet diameter measurement of 
primary body, 
not used. 

horizon scanner measurement (3 simultaneous 
angles) . 


2.3.3 Namelist gGEVENT 

One copy of namelist gGEVENT must appear after the measurement 
schedule cards for each guidance event whicfh has its corresponding 
value of IGREAD greater than zero. Default values are nominal input 
or computed values prior to reading #GEVENT. 


Variable 

Dim 

Default 

Units 

Definition 

BURNP 

4 

4*0. 

km/ s , 

Kg 

Thrust acceleration and mass at 
beginning and at end of guidance 
interval (See Page 163). 

C0NWT 

5 

- 

- 

See name list J$G0DS EP 

NC0N 

1 

- 

- 

See namelist 0G0DSEP 
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Variable Dim Default Units Definition 


SHAT 

3x5 

15*0. 

mixed 

TARWT 

3 

- 

- 

UMAX 

5 

- 

- 

VMAT 

3x6 

18*0. 

mixed 


Sensitivity matrix of target 
parameters WRT control parameters 
(See Page 163). 

See namelist #G0DSEP 

See namelist 0G0DSEP 

Variation matrix of target para- 
meters WRT state at guidance epoch 
(See Page 163). 
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2 .4 SIMSEP Input Description 

Input to the simulation mode is transmitted to the program 
through three namelists: #TRAJ, /SIMSEP, and /GUID. As before, the 

/TRAJ namelist essentially defines the reference trajectory initial 
conditions, spacecraft parameters (thrust, mass, electric power, etc.) 
and other baseline quantities necessary to specify a reference mis- 
sion. In general, the /TRAJ inputs for SIMSEP are obtained as results 
from a precursor TOPSEP analysis where a targeted reference trajectory 
has been determined. 

The first namelist peculiar to the SIMSEP mode is called 
/(SIMSEP. Its primary function is to initialize a priori statistical 
descriptions of those error sources which remain nearly constant dur- 
ing the course of an individual simulation in the basic Monte Carlo 
cycle. In addition, various parameters which, for example, specify 
the number of guidance events, the output frequency, the number of 

4 

Monte Carlo cycles, etc., are also read from /SIMSEP. 

The second of these namelists unique to SIMSEP is /GUID. As its 
name implies, it is responsible for initializing parameters and data 
used at guidance events. Unlike /SIMSEP which is read only once for 
each SIMSEP run, /GUID is read for each specified guidance event 
being simulated along the mission. Variables initialized by this 
namelist include such things as guidance event times, knowledge 
covariances, guidance law and policy specifications, etc. 

Finally, it should be noted that both /SIMSEP and /GUID can also 
contain certain statistical arrays computed in previous SIMSEP analyses 


i 
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These arrays are key to SIMSEP' s restart capability and provide the 
means to continue an analysis with many more Honte Carlo cycles in 
a series of SIMSEP runs. The format for input is, generally, a 
(nxn) correlation matrix of standard deviations and correlation 
coefficients. An extra column vector augmented to the right hand 
side of the (nxn) matrix, thus creating a (nx (n+1)) ma tr ix, serves 
to store mean values to complete the statistical description for 
the parameter of interest. Unfortunately, the multitude of options 
available in SIMSEP make the real numerical format used for input a 
bit awkward. In particular, the variables, CC0VG, CNTC0V, TARC0V, 
etc., are actually read as one long column vector with separate 
columns in the correlation matrix being stored consecutively. This 
apparent difficulty is somewhat off-set by the fact that these arrays 
are ordinarily generated as output from a previous SIMSEP run and 
have automatically been punched in the requisite format. 

Another important capability in SIMSEP which relates to the 
namelists ^SIMSEP and ^GUID is the multiple run or stacked case 
feature. In particular, once normal computer processing of a run 
is completed, the program automatically recycles to read ^SIMSEP 
again if the /TRAJ variable, M0DE, has been set to a -3. When this 
occurs, only changes to #SIMSEP from the previous run need to be 
input. Likewise, the #GUID namelists are also read in the same 
sequence as they were for the first run. Guidance event data need 
not be read anew unless there are changes to a particular data set 
or if there are more guidance events in the second run. The only 
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drawback here is that a zero-data namelist, i.e., a /GUID card fol- 
lowed by a /END card, must be input for each event even though there 
may be no changes. This is also a requirement for the /SIMSEP name- 
list upon recycling. 

Given below are detailed descriptions of the variables, dimen- 
sions and default values (where applicable) for both /SIMSEP and 
/GUID. The parameters are divided into appropriate groupings; for 
/SIMSEP: run definition, a-priori control and ephemeris errors, 

spacecraft parameter errors, and accumulated statistics and para- 
meters; for /GUID: event initialization data, optional initialization 
data, guidance law and policy, knowledge error, guidance control data, 
and accumulated statistical data. 


2,4.1 Namelist: $SIMSEP 


Run Definition Parameters: 


Variable 

Dim 

Default 

Units 

Definition 

A0K 

1 

100. 

- 

Backup convergence toler- 
ance for the weak con- 
vergence test. 

CPMAX 

1 

10000. 

sec 

Computer processing time 
limit (See Page 175). 

DVMXN 

1 

0.1 

km/ sec 

Maximum magnitude allowed 
for a delta -velocity cor- 
rection . 

INREF 

1 

0 

- 

Option flag to indicate 
whether or not state varia 


bles, s/c mass, targets, 
etc. are to be read as 
input during the /GU ID name- 
list read. 

= 0, No data input (computed 
internally) . 

= 1, Input data. 


Variable 


Dim 


De faul t 


Units 


Definition 


I0UT 1 1 


T PUNCH 1 0 


IRAN 1 1 


NCYCLE 1 1 

NGUID 1 1 


If INREF = 1, the variables 
listed under Optional 
Guidance Event Initiali z ation 
Data must be input along with 
MEND and XEND (See Page 
172 and 173). 

If INREF = 0, the optional 
guidance event data are 
automatically computed. 

Print output flag which acti- 
vates printout for every 
I0UT Monte Carlo cycle. 

Punch output flag. 

= 0, no punched statistical 
arrays (covariance 
matrices and vector 
means) at the end of 
the run. 

= 1, punch, 

Monte Carlo random number 
seed to initiate the gener- 
ation of random number 
from RANF. 

^ 0, regular Monte Carlo 
analysis . 

- 0, forced Monte Carlo 

sampling of one-sigma 
for all error sources. 

Number of Monte Carlo mis- 
sion cycles to be executed. 

Total number of guidance 
events, both low thrust and 
impulsive velocity changes, 
to be executed on each 
simulated mission. A maxi- 
mum of five guidance events 
is allowed. 


PRNML 


1 


F 


Do (T) , do not (F) print 
input namelist $SIMSEP after 
reading . 
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A-Priori Control and Gravitational Errors: 


Variable 

Dim 

Default 

Units 

Definition 

GMERR 

2 


km 3 / 

sec^ 

One sigma uncertainties in 
the gravitational constants. 

GMERR(l) 


o.. 


Solar mass error. 

GMERR (2) 


0. 


Earth mass error. 

J2ERR 

1 

0. 


One sigma uncertainty in 
the J 2 - coefficient of 
the geo-gravity potential 
function. 

PG 

6x6 

0 0 

km 

km/ sec 

Correlation array describing 
the a priori Cartesian con- 


trol errors associated with 
the initial reference state 
vector. A 6x6 array is 
read for the S/C control 
errors with standard devia- 
tions along the principal 
diagonal and correlation 
coefficients off-diagonal. 
Only the principal diagonal 
and lower triangular parti- 
tion of this array are 
actually necessary. 

o 

S/C Parameter Errors: 


Variables 

Dim 

Default 

Units 

Definition 

E XV ERR 

4 



One sigma midcourse velocity 
correction execution errors. 

EXVERR(l) 


0 . 

- 

Proportionality error. 

EXVERR (2) 


0 . 

degs 

In-ecliptic-plane pointing 
error . 

EXVERR(3) 


0 . 

degs 

Out-ecliptic-plane pointing 
error . 

EXVERR (4) 


0 . 

km/ sec 

Resolution error. 

SCERR 

6 



One sigma SEP s/c errors. 

SCERR(l) 

1 

0 . 

kg 

Initial s/c mass uncer- 
tainty. 
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Variables 

Dim 

Default 

Units 

Definition 

SCERR (2) 


0. 

km/ sec 

Low thrust exhaust velocity 
uncertainty. 

SC ERR (3) 


0. 

kw 

Uncertainty in electric 
power at 1 A.U. 

SCERR (4) 


0. 

- 

Uncertainty in thruster 
efficiency . 

SCERR(5) 


0. 


Uncertainty in the effective 
radiation pressure coeffi- 
cient. 

SCERR (6) 


0. 

% 

Per cent uncertainty in the 
effective thruster start-up 
time after exiting the 
shadow. 

TCERR 

9x20 

o 

• 

A 

O 


One sigma thrust control 
biases . 

TCERR(1, j) 



days 

j^ 1 thrust phase end time. 

TCERR (2, j) 



- 

th 

j thrust phase throttling. 

TCERR (3, j) 



degs 

t h 

j thrust phase angular 

coefficient number one, 
e.g., in-orbit-plane or 
pitch angle. (See Section 
4.1 of the Analytic Manual. 
Also see Page 10-B of the 
User's Manual.) 

TCERR (4, j) 



degs or 
degs/sec 

. th 

j thrust phase angular 

coefficient number two. 

TCERR (3, j) 



degs or 
degs/ sec 

t h 

j thrust phase angular 

coefficient number three. 

TCERR (6, j) 



degs 

th 

j thrust phase angular 


coefficient number four, 
e.g., out-orbit-plane or 
yaw angle. 
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Variables 

Dim 

Default 

Units 

Description 

TCERR(7, j) 



- 

Not used. 

TCERR(8 , j) 



degs or 
degs/sec 

thrust phase angular 
coefficient number five. 

TCERR (9 , j) 



degs or 
degs/sec 

thrust phase angular 
coefficient number six 

TVERR 

6x3 



One sigma time varying 
thrust control errors (dy- 
namic process noise speci- 
fications), corresponding 
correlation times, and 
correlation time uncer- 
tainties for two simulta- 
neous, independent processes. 

TVERR (1 , 1) 


0 . 


First process, thrust pro- 
portionality uncertainty 
(per thruster). 

TVERR (1, 2) 


1. 

days 

Correlation time for thrust, 
acceleration. 

TVERR (1, 3) 


0 . 

days 

Uncertainty in the thrust 
acceleration correlation 
time . 

TVERR (2, 1) 


0 . 

degs 

First process, pitch angle 
uncertainty. 

TVERR (2, 2) 


1 . 

days 

Correlation time for pitch 
angle . 

TVERR(2, 3) 


0 . 

days 

Uncertainty in the pitch 
angle correlation time. 

TVERR (3, 1) 


0 . 

degs 

First process, yaw angle 
uncertainty. 

TVERR (3, 2) 


1 . 

days 

Correlation time for yaw 
angle. 

TVERR (3, 3) 


0 . 

days 

Uncertainty in the yaw 
angle correlation time. 

TVERR (4, 1) 


0, 

" 

Second process, thrust 
acceleration uncertainty 
(per thruster) . 

TVERR (4, 2) 


1 . 

days 

Correlation time for thrust 
acceleration. 
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Variables 

Dim 

De fault 

Units 

Description 

TVERR (4 , 

3) 


0 . 

days 

Uncertainty in the thrust 
acceleration correlation 
time. 

TVERR (5 , 

1) 


0 . 

degs 

Second process, pitch angle 
uncertainty . 

TVERR (5 , 

2) 


1 . 

days 

Correlation time for pitch 
angle . 

TVERR (5, 

3) 


0 . 

days 

Uncertainty in the pitch 
angle correlation time. 

TVERR (6 , 

1) 


0 . 

degs 

Second process, yaw 
angle uncertainty. 

TVERR (6, 

2) 


1 . 

days 

Correlation time for yaw 
angle. 

TVERR (6, 

3) 


0 . 

days 

Uncertainty in the yaw 
angle correlation time. 

Accumula ted 

Sta tistics 

and Parameters: 


Variable 


Dim 

Default 

Uni ts 

Definition 

A DVT 


2 



Accumulated del ta -velocity 
magnitude statistics for 
all impulsive velocity cor- 
rections along a mission. 

ADVT(l) 



0 . 

km/ sec 

One-sigma delta -velocity 
magnitude. 

ADVT (2) 



0 . 

km/sec 

Mean delta-velocity magni- 
tude. 

ENDC0V 


6x7 

o 

o 

km 

km/sec 

S/C control error correlation 
array computed at the trajec- 


tory time TEND. This array 
is input as a (6x6) matrix of 
standard deviations and cor- 
relation coefficients. Only 
the principal diagonal and 
the lower triangular sub- 
matrix are necessary. The 
7th column of this array 
contains the means. 
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Variable s 

AMASS 

AMASS (1) 
AMASS (2) 
MEND 


MC 


ATHC0V 


XEND 


Dim Default Units 


De finition 


2 


1 


1 


420 


6 


0. kg 

A. kg 

0. kg 


0 , 


0 , 


0. 


Accumulated S/C mass sta- 
tistics at the final time. 

One -sigma s/c mass. 

Mean s/c mass. 

Final s/c mass on the refer- 
ence trajectory at time 
TEND. This variable is 
required only if INREF = 1 
and is used in computing 
AMASS statistics. 

Number of Monte Carlo 
cycles executed in a previous 
SIMSEP run in which statisti- 
cal variables ADVT, AMASS, 
ENDC0V, and ATHC0V are com- 
puted. MC is used to re- 
start accumulated statistics 
for the current run. 

Accumulated statistics on 
the active thrust controls 
changed at scheduled low 
thrust guidance events, A 
maximum of twenty active 
thrust controls are allowed. 
This array is input as a 
(nxn) matrix of standard 
deviations and correlation 
coefficients, where n is the 
total number of low thrust 
controls. As before, only 
the principal diagonal and 
lower triangular submatrix 
need to be input. The (n+1)^ 
column vector contains the 
means . 


0,...,0. km. Final reference trajectory 

km/sec state vector at the trajec- 

tory time TEND. This vector 
is required input only if 
INREF = 1 and is used in com- 
puting the ENDC0V covariance 
matrix. 
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Variable 

Dim 

Default 

Units 

Definition 

KATHC 

1 

0 

-- 

Dimension of the ATHC0V matrix 

S/C Parameters for 

Midcourse 

Velocity 

Corrections : 

Variable 

Dim 

Default 

Units 

Definition 

SPF IMP 

1 

265. 

sec 

Specific impulse for chemical 
propulsion system. 

DVMD0T 

1 

.05 

kg/ sec 

Mass flow rate for chemical 
propulsion system. 
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2.4.6 Namelist: $GUID 

Gu idance Event Initialization Data : 


Variable Dim De fault Units Definition 

KTER 10. - Option flag to indicate 

whether or not target errors 
are to be evaluated after 
the current guidance event. 
If KTER - 1, a trajectory is 
integrated from the point of 
the guidance event to the 
target. 

TGUID 1 0. days Epoch of the current guid- 

ance event specified as 
either a Julian date or the 
interval of days since 
launch. 

TTARG 1 0. days Designated epoch of arrival 

at the target specified 
either as a Julian date or 
as the interval of days 
since launch. 


Optional Guidance Event Initialization Data : These variables are 

required input only if INREF = 1 (See S^SIMSEP). 


Variable 

Dim 

Default 

Units 

Definition 

MGREF 

1 

0. 

kg 

S/C reference mass at the 
current guidance event. 

MTREF 

1 

0. 

kg 

S/C reference mass at the 
designated target time. 

S 

36 

* 

o 

■ 

• 

• 

n 

o 

Mixed 

Sensitivity or guidance 
matrix which has been com- 


puted in a previous analysis. 
For linear guidance, S is 
input as a guidance matrix. 
For nonlinear guidance, S 
is input as a targeting sen- 
sitivity matrix. 
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Variable 

Dim 

Default 

Units 

Definition 

TARGET 

6 


Mixed 

Array of reference target 
values evaluated at the 
designated target time. 

XGREF 

6 

o 

«\ 

• 

• 

• 

o 

km, 

km/ sec 

Reference trajectory state 
vector at the current guid- 
ance event. 

XTREF 

6 

o 

• 

» 

• 

o 

km, 

km/ sec 

Reference trajectory state 
vector at the designated 
target time. 

PRNML 

1 

F 


Do (T) , do not (F) print 
namelist $GUID after read- 
ing. 

Guidance 

Law and 

Policy Data: 



Variable 

Dim 

Default 

Units 

Definition 

IGUID 

1 

1 


Guidance law flag. 


= -2, nonlinear, impulsive 
guidance . 

= -I, linear, impulsive 
guidance . 

= 0, zero-action guidance 

event with no maneuver 
performed but control 
statistics computed. 

= +1, linear, low thrust 
guidance event. 

= +2, nonlinear, low thrust 
guidance event. 


ITARGT 25 0, ,0. 


ITARGT(l) 


km 

km 


Target policy vector; a non- 
zero value of any component 
indicates that the associated 
target parameter will be in- 
cluded as a target variable. 
All targets are evaluated at 
the designated target time. 

X-component of the S/C state 
relative to the Earth. 

Y-component of the S/C state 
relative to the Earth. 


ITARGT (2) 
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Variable Dim 

Default 

Units 

. Definition 

ITARGT (3) 


km 

Z-component of the S/C state 
relative to the Earth, 

ITARGT (4) 


km 

\r_\ - radial distance from 
the Earth, 

ITARGT (5) 


Ian/ sec 

V y - component of the S/C 
state relative to the 
Earth, 

ITARGT (6) 


km/ sec 

Vy - component of the S/C 
state relative to the Earth. 
Earth. 

ITARGT (7 ) 


km/ sec 

V z - component of the S/C 
state relative to the 
Earth . 

ITARGT (8) 


km/ sec 

|vj - velocity magnitude 
relative to the Earth. 

ITARGT (9) 


' - 

Not used. 

ITARGT (10) 


km 

r ca - radius of closest • 
approach. 

ITARGT (11) 


km 

Radius at apogee. 

ITARGT (13) 


degs 

Geographic longitude of the 
S/C. 

ITARGT (14) 


days 

Perigee measured relative 
to TLNCH. 

ITARGT (15) 

o 


km 

a, semi-major axis of the 
osculating conic relative 
to Earth. 

ITARGT (16) 


-- 

e> eccentricity of the osculat 


ing conic relative to the 
Earth . 
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tf 


Variable Dim Default Units 


Definition 


ITARGT (17) 

deg 

i, inclination of the osculat- 
ing conic relative to the 
Earth. 

ITARGT (18) 

deg 

SI , longitude of ascending 
node of the osculating conic 
relative to the Earth. 

ITARGT (19) 

deg 

CO ? argument of periapsis 
of the osculating conic rel- 
ative to the Earth. 

ITARGT (20) 

deg 

M, mean anomaly of the osculat 
ing conic relative to the 
Earth . 

ITARGT (21) 

deg 

^ , true anomaly of the oscu- 
lating conic relative to the 
Earth. 

ITARGT (2 2) 

days 

Time of apogee measured rela- 
tive to TLNCH. 

ITARGT (23)- (25) 

— 

Not used. 
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Variable 

Dim 

Default 

Units 

Definition 

TART0L 

6 

0j » « • • y 0 « 

Mixed 

Target tolerance array. When 
the miss for each target vari- 
able is less than or equal to 
the corresponding TART0L value, 
the strong convergence criterion 
is satisfied. 

Knowledge 

Error Data: 




Variable 

Dim 

Defaul t 

Units 

Definition 

CXS 

6x11 

• 

o 

o' 

- 

Cross correlation array of 
solve-for parameters which 
have been augmented to the 
state vector. 

KDIMEN 

1 

6 

- 

Dimension of the augmented 


state vector. 


= 6, s/c state vector only. 

= 7, s/c state vector and 

one mass (sun or 
Earth) . 

= 8, s/c state vector and 

two masses (sun and 
Earth) . 

= 9, s/c state vector and 

thrust biases (magni- 
tude, direction. 

= 10, s/c state vector, 
thrust biases, and 
one mass. 

= 11, s/c state vector, 
thrust biases, and 
two masses. 

— 12, s/c state vector and 
J2 error. 

= 13, s/c state vector, J2 
error, and one mass. 

= 14, s/c state vector, J2 

error, and two masses. 

= 15, s/c state vector, J2 

error, and thrust biases. 

= 16, s/c state vector, J2 
error, thrust biases, 
and one mass. 

= 17, s/c state vector, J2 
error, thrust biases 
and two masses. 
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Variable Dim Default Units 


Definition 


P 


PS 


6x6 0, ... ,0. km, 

km/sec 


11x11 0, Mixed 


Correlation array describing 
the Cartesian knowledge 
errors associated with the 
actual trajectory state at 
the guidance event. The 
input format is the same as 
EPHERR (See Page 41). 

Correlation array of solve- 
for parameters which have 
been augmented to the s/c 
state vector. The input, 
format is the same as PG, 


Guidance Event Control Parameters : 

Variable Dim Default Units Definition 


H 10x20 


Array of quantities used to 
identify the active thrust 
control variables to be 
used during the current low 
thrust guidance event. 
Entries in H have a one-to- 
one correspondence to ele- 
ments in the THRUST array. 
(See Page 10-B) . If the 
sensitivity matrices are 
being computed by numerical 
differencing, the values of 
H also define the magnitude 
of the perturbation forced 
in each control variable. 
Comment: Only the first 

six non-zero entries will be 
used since a maximum of six 
controls at any given guid- 
ance event is allowed (See 
Page 170). 

Not used. 


H( 1, j ) 
H(2,j) 


days 


Active thrust control is the 
j ^ thrust phase end time 
(THRUST (2, j)) . 
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Variable 

Dim 

Default 

Units 

Definition 

H(3,j) 



- 

Active thrust control is the 
thrust phase throttling 
level (THRUST (3, j)). 

H (4 , j ) 



degs 

Active thrust control is the 
j*-h thrust phase angular 
coefficient number one, e.g., 
in-orbit-plane or pitch angle 
(THRUST (4, j)) . 

H(5,j) 



degs or 
degs/sec 

Active thrust control is the 
jth thrust phase angular 
coefficient number two. 

H(6, j) 



degs or 
degs/sec 

Active thrust control is the 
j fc h thrust phase angular 
coefficient number three. 

H(7 , j ) 



degs 

Active thrust control is the 
jt-h thrust phase angular 
coefficient number four, e.g., 
out-orbit-plane or yaw angle. 

H(8 , j ) 




Not used. 

H(9,j) 



degs or 
degs/sec 

Active thrust control is the 
j^h thrust phase angular 
coefficient number five. 

H(10,j) 



degs or 
degs/ sec 

Active thrust control is the 
jth thrust phase angular 
coefficient number six. 

IASTM 

1 

0 


Flag to indicate whether or 
not numerical differencing 
will be used in computing 
sensitivities matrices. 
Numerical differencing is 
used when IASTM = 0. 
Integrated variational 
equations are used when 
IASTM = 1. 

NMAX 

1 

1 

- 

Maximum number of non-linear 
guidance iterations allowed. 

uwate 

6 

1 1 « 


Array of control variable 
weights that may be used to 
arbitrarily increase the 
sensitivity of a given con- 
trol relative to other con- 
trols . 
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Accumulated Guidance Event Statistical Data: 


Variable 

Dim 

Default 

Units 

Definition 

CC0VG 

6x7 

0, .. . ,0. 

km, 

S/C state vector control 




km/ sec 

error array computed at 


the current guidance 
event. This array is 
read as a (6x6) matrix 
of standard deviations 
and correlation coef- 
ficients. Only the 
principal diagonal and 
the lower triangular 
submatrix are necessary. 
The 7 t * 1 column of this 
array contains the mean 
values. 

CC0VT 6x1 km, S/C state vector control 

km/sec error array computed at 

the designated target 
time. This array is 
read as a (6x6) matrix 
of standard deviations, 
correlation coefficients, 
and means in the same 
format as CC0VG. Computed 
whenever KTER=1. 

CNTC0V 6x7 Mixed Correlation array for the 

active thrust control 
variables used at this 
guidance event. This 
array is input as an 
(nxn) matrix of standard 
deviations and correlation 
coefficients where n is 
the number of low thrust 
controls. Only the prin- 
cipal diagonal and lower 
triangular partition need 
to be input. The (n+l) t ^ 1 
column vector contains 
the control means. 

DVMAG 2 Delta-velocity magnitude 

statistics . 
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Variable 

Dim 

Default 

Units 

Definition 

DVMAG (1) 


0 . 

km/sec 

One-sigma delta-velocity 
.magnitude. 

DVMAG (2) 


0 . 

km/ sec 

Mean delta-velocity magni- 
tude. 

DVMC0V 

3x4 

0 ,..., 0 . 

km/ sec 

Delta-velocity vector cor- 
relation array. Input 
format is the same as 
CC0VG (See Page 51). 

GMSC0V 

2 



S/C mass statistics eval- 
uated at the current guid- 
ance event. 

GMSC0V (1) 


0 . 

kg 

One-sigma S/C mass. 

GMSC0V (2) 


0 . 

kg 

Mean S/C mass. 

MSAMP 

1 

0 . 

_ — 

Number of Monte Carlo 


cycles executed in a pre- 
vious SIMSEP run in which 
statistics on CC0VG, CC0VT, 
CNTC0V, DVMAG, DVMC0V, 

GMSC0V, TARC0V, and TMSC0V 
were computed. MSAMP is 
used to re-initia lize the 
accumulation of statisicts 
for the current run. 

TARC0V 42 0,...,0. Mixed Correlation array describ- 

ing target error statistics. 
The format here is the same 
as CNTC0V (See Page 51) except 
the dimension of the input 
matrix is determined by the 
no. of target variables. Thi 
array is input whenever KTER 
1, or at the last guidance 
event. 


TMSC0V 2 


TMSC0V (1) 
TMSC0V(2) 


S/C mass statistics eval- 
uated at the designated 
target time. Computed 
whenever KTER = 1. 

kg One-sigma s/c mass 

kg Mean s/c mass 
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2.5 REFSEP Input Description 

Input to the detailed trajectory print mode of MAPSEP is 
made through the namelist $TRAJ and formatted cards. In addition to 
the baseline trajectory parameters, $TRAJ contains several variables 
used only in REFSEP (See Page 12-B). Of particular importance is the 
variable KARDS which must be set equal to the number of formatted print 
schedule cards to be input following the namelist. These cards contain 
such information as start and stop times and time intervals between 
specified blocks of trajectory output. The format for these cards is 
exactly the same as that for measurement schedule cards characteristic 
of the GODSEP mode (See Page 34). A brief summary of the format and an 
example follow. 

Each schedule card contains three time control variables in 
Columns 1-30 (format 3F10.4) and one print code right justified in 
Columns 37-40 (format 110). The time control variables are START, 

ST0P , and DELT where 

START = start time, referenced to TLNCH, for scheduling 
current print blocks; 

ST0P = stop time for current print blocks; 

DELT = time interval increment for scheduling. 

Internal tests modify START if it is less than TSTART , and ST0P if it 
is greater than TEND. TSTART and TEND are input variables in $TRAJ which 
define the initial and final trajectory times respectively. An additional 
option of specifying DELT=0. aids the user in redefining the range of 
times which are allowed on subsequent cards. The START and ST0P 
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times on a DELT=0. card designate the new scheduling interval for 
all succeeding cards until another DELT=0, card is encountered. The 
redefined interval supersedes the nominal (TSTART TEND) interval. 
The print code (klmn) is a four digit number designating the 
print blocks to be output at the appropriate times. Each digit re- 
presents a different type of print block and the value of the digit 
determines the level of detail to be printed (i.e. the largest value 
of the specified digit includes the print suggested by the smaller 
non-zero values). The blocks of print are selected as follows: 

n = 0 to 3, Nominal Trajectory Print 

k/mO current time and the Julian date 

k/ral body relative S/C states and S/C accelerations 

k/m2 individual perturbing accelerations, planetary 

ephermerides , flux data, and sun occultation data 

kim3 integration data, Encke formulation 

m = 0 to 2, Primary Body Data 

no primary body data 
osculating conic data 
relevant unit vectors 

fl - 0 to 1, Target Data 

kOmn no target data 

closest approach parameters, and orbital elements 
relative to the target body 


kiOn 

k$ln 

k|2n 


klmn 
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oimn 


k = 0 to 1, Tracking Data 

no tracking data 


l/ mn S/C in various topocentric coordinate systems; 

and azimuth, elevation, range, and range rate 
from specified tracking stations. 


For the special case when the print code is set to (0000) or when 
the code is not input on the schedule card at all, the default print 
code of (0001) is assumed. If the variable KARDS is set to zero, no 
formatted input cards will be read by the program and thus no detailed 
print blocks will be scheduled. However, trajectory print may be 
obtained by setting IPRINT and M0RBIT to the desired values in the 
$TRAJ namelist. 

Figure 2-5 is an example of one possible schedule card. If this 
card is encountered by REFSEP the print code 1123 will be scheduled 
at 100.5, 110.5, 120.5, ... , 190.5 days or a total of ten times. 

l 

Note that the stop time of 200. days is not a scheduled print time. 


Columns 



Figure 2.5 REFSEP Detailed Print Schedule Card 


The code 1123 designates all possible print blocks as previously 
described to be printed at the ten time points. The fact that track- 
ing data is to be computed necessitates the inclusion of the Earth 
code in the NB array found in $TRAJ. Thrust phase change print and 
shadow phase change print are not included in this code. To obtain 
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this output the flags IPRINT and M0RBIT in $TRAJ must also be 
specified. One way to obtain print for all thrust phase changes 
is to set IPRINT to a large positive number (e.g., 10,000). If 
M0RBIT is set to a negative integer between 0 and -1000, all 
computed shadow phase changes will be printed also. 

REFSEP provides an important interface between the Earth 
orbital versions of TOPSEP and G0DSEP. Due to the specialized 
function of REFSEP in this regard, an explanation of the specific 
input is required . Two REFSEP applications will be discussed. 

(1) preparation of the TOPSEP reference trajectory for GODSEP 
analysis, and (2) preparation of the measurement schedule for 
GODSEP from REFSEP tracking information. 

The nature of the iterative process in TOPSEP requires that 
the shadowing logic be executed during trajectory propagation. 

However, in GODSEP the reference trajectory remains fixed. The 
shadow entrance and exit times are pre-determined over the total 
mission. To decrease the integration time in the GODSEP mode 
the shadow times, which are computed in TOPSEP, are scheduled 
as imposed coast periods. REFSEP provides a convenient 
means of incorporating the shadow phases in the thrust 
profile by punching the THRUST array on cards suitable for 
a GODSEP run. Each column of the THRUST array (ten parameters) 
will be punched on four successive cards. The necessary thrust 
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controls for a "shadow-in" phase will be punched as a column of 
the THRUST array with the thrust policy (THRUST (1 ,J) ) set to 
nine indicating that a coast phase is scheduled. The phase end 
time (THRUST (2 , J) ) set to the time of shadow exit. The remaining 
eight elements of the J 1 ^ column are set to zero. The "shadow- 
out” phase will be punched to reflect the original thrust control 
profile in effect for that time period. Once all the columns of 
THRUST are punched they may be attached to the $TRAJ namelist and 
submitted for a G0DSEP run. To implement this REFSEP option, the 
$TRAJ variable NPUNCH must be set to one and the shadow logic 
must be executed (See M0RBIT in $TRAJ namelist description. Page 
8 ). 

REFSEP may also aid in construction of a measurement schedule 
for GODSEP. The tracking information, which REFSEP provides, 
includes S/C elevation, azimuth, range, and range rate as measured 
from those stations designated in STAL0C in the $TRAJ namelist. A 
time history of these data over segments of the trajectory is valu- 
able in selecting those stations which can best track the S/C. A 
simple plot of the elevation angle versus time sufficiently identifies 
trajectory arcs which are plainly "visible" from each station. The 
following figure illustrates such a plot for the Goldstone tracking 
station. The data were assembled from the REFSEP sample case on 


Page 132-D 



h2-G 



Figure An Elevation Angle Time History 

For a SEP S/C as Measured from 
the Goldstone Tracking Station 

If a fifteen degree minimum elevation angle restriction is imposed 
(the dotted line) , Goldstone will be able to track the S/C from 
roughly 0.6 day to 1.0 day or nearly one-third of the orbital 
period. 

To obtain an adequate number of data points for an elevation 
time history, the user must choose an appropriate time interval 
for tracking computations (DELT on the REFSEP schedule card). 
Although the value is dependent upon the reference mission, one 
can generally rely upon an increment of one fifth of an orbital 
period to provide sufficient information. The user could specify 
tracking computations to be output over the entire mission in 
increments of DELT days; however, it is most economical to 
schedule such output over shorter trajectory arcs of probable 
interest during the mission. 
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3.0 OUTPUT AND SAMPLE CASES 

The form, type and amount of MAPSEP output depends upon the operating 
mode and whatever options and submodes have been exercised. Output can be 
very extensive or it can be quite simple and in summary form. Because of 
MAPSEP complexity, a general rule of thumb is to output as much as possible 
unless the user has a very specific purpose in mind. 

3 . 1 Card and Tape Output 

All modes are capable of storing reference trajectory data via the 
$TRAJ namelist on disc (the STM file) for subsequent stacked cases. By 
transferring the results on tape (or permanent file), a permanent record 
can be obtained to be used for future runs. However, because of the rela- 
tively small amount of card input for $TRAJ, use of permanent STM file is 
not recommended except for GODSEP where a great deal of additional data 
is stored. 

Available card and tape output is shown in Table 3-1 with the input 
flag that triggers the output. Certain output in the form of punched 
cards are automatically output if specific options are exercised. Obvi- 
ously, more than setting an input flag is required for meaningful output, 
and the user is referred to Chapter 4 for recommended operating procedures. 

3 . 2 Printout and Sample Cases 

There are two blocks of printout which are common to all modes: 
initialization and TRAJ print. Initialization print is displayed on the 
first page of every run and contains the reference trajectory data, includ- 
ing start and end times, initial state vector, spacecraft characteristics, 


thrust control parameters, etc. 
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Mode 


Input 

Control 




Output 


Format 


Data 


TOP SEP 


GODSEP 


SIMSEP 


ISTMF 


STM File 


$TRAJ namelist 


ISTMF 

GAINCR 

SUMMARY 
PUN CHE 


IGREAD-0 
(and NGUIDj^O) 


STM File 

GAIN File 

SUMMARY File 
Cards 

Cards 


$TRAJ namelist; state transition 
matrices and trajectory data at 
specified trajectory times,, 

$G0DSEP namelist; event schedule; 
filter gains at measurement events 

Navigation summary 

Knowledge (P) and control (PG) 
covariances at selected event 
types . 

Computed variation (VARMAT) and 
sensitivity (S) matrices for 
guidance events. 


ISTMF 

IPUNCH 


STM File 
Cards 


IPUNCH 

(and INREF=0) 


Cards 


$TRAJ namelist 

Cumulative statistics for each 
maneuver (CC0VG, CNTC0V, DVMC0V, 
GMSC0V, CC0VT, TARC0V, and TMSC0V) 
and for the total mission (ATHC0V, 
ADVT, ENDC0V, and AMASS). 

Reference trajectory (XEND and 
MEND) and guidance event data 
(XGREF, MGREF, S s XTREF, MTREF 
and TARGET). 


REFSEP 


ISTMF 

NPUNCH 


STM File 
Cards 


$TRAJ namelist 
Thrust profile (THRUST) 


Table 3-1 Card and Tape Output 

1'RAJ print is output when the trajectory propagation routine is called 
(and the related print flag is triggered) by the mode in operation. TRAJ 
print is used either by itself or in association with mode peculiar print 
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and displays instantaneous trajectory information at a specified time. 
Trajectory data includes current mission time, spacecraft mass and thruster 
power, state and acceler aflion vectors, etc. 

The best illustration of mode related output is by example. Hence, 
the following sections contain sample printout from TOPSEP, GODSEP and 
SIMSEP, including all necessary input to make the runs. The mission used 
for all three sample cases is an SEP Earth-orbital mission. 

3.2.1 TOPSEP 

The TOPSEP sample case illustrates the finite differencing targeting 
procedure for an Earth orbital SEP mission designed to raise the semi -major 
axis while maintaining circularity. This run represents one iteration in 
the later stages of the targeting process in which targeting error only is 
to be minimized. Convergence has not been attained at the conclusion of 
this iteration, but convergence really was not the prime motivation behind 
the targeting strategy. The desired target values were intentionally set 
much higher than those that were realistically attainable. By minimizing 
the error in the target conditions, the orbit is raised as high as 
possible within the slotted time. 

The first page of output is a listing of the $TRAJ input cards 
which contain reference trajectory data and M0DE = 1 specifying the 
TOPSEP mode. All $TRAJ variables which are not listed on this page assume 
the default values as specified in Section 2.1 (Page 4). Together with 
the default parameters these variables specify the details of the Earth 
orbital mission. The initial state is defined by equatorial orbital 
elements (IC00RD = -3 , IN0RB = 1) for the launch date of March 21, 1980 
(TLNCH = 2444320.). The trajectory control profile (THRUST) consists 
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of three segments whose combined duration is 11 days (TEND = 11)= The 
thrust policy is orbit plane (i.e., in-plane and out-of-plane thruster 
orientations). Since orbit plane changes are not required the out-of- 
plane control coefficients are set to zero. Note that the shadowing 
logic will be executed (M0RBIT = 1); however, the shadow phase changes 
will not be printed since the value of the shadowing flag is positive. 

A summary of the above variables and other pertinent $TRAJ parameters 
may be found on the first page of the sample case output. 

The remaining output pages refer to the TOPSEP mode exclusively. 

The $T^PSEP input cards, following $TRAJ , contain control and target 
information. The TOPSEP submode flag (IM0DE = 2) designates the target- 
ing and optimization option* The TOPSEP initialization summary follows 
on the next page and is self-explanatory. The abbreviations RP and SMA 
in the target parameter list refer to radius of periapsis and semi-major 
axis, respectively. The desired target values for both RP and SMA are 
31500 km and the selected tolerances are 20 km. Four controls have 

been selected to raise the orbit and maintain circularity. They are: 

A1 and A2 of the second phase (h( 5,2) and H(5,3)) and AO and A2 of the third 
phase (H(4 , 3) and H(4,4)). These controls are coefficients in the instantaneous 
in-plane angle equation which may be found on Page 17 of the Ana lytic Ma nual . 
Corrections to these controls shape the low thrust trajectory from five days 
to the final time of 11 days: the five day trajectory arc from the initial 

launch epoch remains fixed. 

The first operation that TOPSEP performs after initialization is 
the tug parking orbit transfer. The orbital elements for the inner 
parking orbit, the transfer orbit, and the outer parking orbit (orbit 
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specified at launch epoch) are computed. The tug fuel requirements are 
estimated based upon the impulsive AV 1 s needed to complete the transfer. 
Beginning at the launch epoch, TOPSEP propagates the reference initial 
conditions over the eleven day arc. The termination print block follows 
immediately and displays the values of all possible target variables. 

Included in this list are the values of RP and SMA which are 30848.8 km 

3 . 

and 31127.4 km respectively. The initial target error index is 1.4 x 10 . 

Following the zeroth iterate and each subsequent iteration is the 
iteration summary. The parameters which are listed in the summary are 
defined below and are discussed in Reference 1, Section 5.3. 

F = performance index (mass) DP2 = optimization scaling 

EMAG = quadratic target error GAMA = control step scale factor 

E = target error (desired - actual) 

DPSI = desired amount of target error to be removed 
G = performance gradient WRT control parameters 
DU1 = optimization control correction 
DU2 = targeting control correction 
•DU = control correction for this iteration 
C*DU = scaled control correction (GAMA*DU) 

UOLD = nominal or previous control parameters 
UNEW = control parameters after this iteration 

PI = net cost (Analytic Manual, Page 51) for nominal and each trial step 

P2 = EMAG for nominal and each trial step 

P1P2 = 0 SCALE* PI 4- P2 

SENSITIVITY MATRIX (printed twice) = change in target parameters WRT 


control parameters . 
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The sensitivity matrix is computed next. Each of the four controls is 
perturbed in turn and the associated variant trajectory is propagated from 
the beginning of the active control phase to the end time. The appropriate 
weights are applied to the sensitivity matrix and the control correction 
(DU) is formulated which reduces the target error. The control correction 

is displayed in both the weighted and unweighted control space. The 

maximum scale factor (GMAX) for the control correction is then computed 

so that the values of the controls will always be within their appropriate 

bounds. Subsequently, four trial trajectories are integrated each of which 

incorporates a scaled control correction in the thrust profile. The scale 

(GAMA) is computed using a polynomial minimization technique which is sum a 

marized at the end of the four trial trajectories. Notice that the pre- 

10 

dieted minimum for the third trial trajectory is -10 . This value indicates 

that the cubic fit predicted a continuously decreasing error index for an 
increasing value of GAMA. Indeed, the scale chosen for that trial tra- 
jectory is the largest allowed (GMAX). The best trial trajectory is, of 
course, the one which minimizes the error index. Clearly the best trial 

2 

trajectory is number four which has reduced the error index to 3.43 x 10 . 

For this trial trajectory, the radius of periapsis is 31150.5 km and the 
semi-major axis is 31377.8 km. Not only has the orbit been raised 250 km 
more than the reference trajectory by changing the four controls, but also 
the eccentricity has been reduced from 0.09 to 0.07. The new control 
vector is printed in the summary for the first iteration. It is formulated 


as follows: 
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where the units for are in degrees/second and the units for and 

u are in degrees. In terms of the printout in the iteration summary 
4 

UNEW - U0LD + C*DU 

At the conclusion of each run the best trajectory is integrated once again 
and printed according to the format requested (MPRINT(l) = -1). For this 
Earth-orbital mission the fixed five day arc is not duplicated since it 
appears in the very first trajectory printout of the zeroth iterate. The 
trajectory segment which changes from iteration to iteration is printed, 
however. This arc includes the second and third thrust phases. If the 
iteration process were to continue, this trajectory would become the 
reference for the second iteration. 
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TOPSEP Sample Case 


PSTPA J 
PRNML ~ Tj 
SCMflSSrSOOO.# 

TMOPB = 1,1 TCOOPr; = - 3 , NtP=3j NB = 3* 

STATE = 2857} .*25571. *2*. 7 ,0,;0 ( ,0., 
Tf_NCHs?4443?0. 1 TfeNf)=n. > 

THRUST r 

5 m $ 1*9 17.* -1.1E-5* 0.* 0*/ l./ O.j O.i 
?•> fl o l«j 12.2* 1.1E-5* 45.* 0,* 1./ 0.* 0./ 

E.jl5«j 1,; 9.4^ -5.U‘-ej /-?.* 0 ./ l.j 0.« O.j 
PHASO) = -45.* E>MAS(4) s l.i 
STEP “ 0 • 5 > 

£NGINE= 14, 425.0., 14,425* ENGINE U 7 ) »1 .r?0j 
MORRIT = 1* “ ' 

MODE = 1* 

$ENO 
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P*TOPSrP 

ppNjML. = Tj IMODE - 2 > 

NMAX = 1 , 

T aSTM=0, 

MpPIMT=-l, 0, 0, 1 t 

h( 5,2) = l. r -6, -.Si 
W ( 4 , .3 ) = -.S,0.,-. C >A 

ULIMIKl#] ) = -90., -90., -90., 

ULTMTTU,?) - 1 .£-*» 120., 90., 120, j 

uwa re = i . , 3**>. , 

TAPTnj_MO> = 20., TAPfOL(l c > = 2.0.1 
TAPCPT = 2*31 SOO . , 

G TRIAL - *m, S., .001, 3.i 

STQL=1 .£-5, 

PC T = .5/ 


Original r^) jc 
OF POOR quality; 



TRAJECTORY INITIALIZATION 


► nimivmnfi 


F*lr* f fff Mt**rf«*f****«f*t»fftti 


INITIAL EPOCH IREFFRENCF DATE1 
JULIAN ® ATE .... 

C ALFNOAR DATE ... 
TRAJECTORY START EPOCH 
JULIAN 94TE .... 
calenoar DATE ... 
TRAJECTORY FNQ fpocm 
JULIAN 0 ATE .... 

CALENOAR OATE ... 


3.0000 SECS 
INITIAL EPOCH 


2444XZ5. 0000500009 

1*390 PAR 21 12 HR 0 MIN 

0. *1000000000 DAYS AFTER THE 

2444 370,0005510000 

IRflO WAR 21 12 HR 0 MIN 0.0000 SECS 

11. 900 01*00000 CAYS AFTER THE INITIAL EPOCH 

7444331.0000000000 ' 

1990 APL 1 12 MR 0 MIN 0.0010 SECS 






TNITIAL STATE INPUT IN EARTH EQUATORIAL COORDINATE STSTEN 


ORBITAL ELEMENTS AT 

PERTAPSIS OADTUS 
APOARRIS RADIUS 
INCLINATION 
ASCENDING NODE 
ARGUMENT OF RERHP5TS 
TRUE ANOMALY 


0.5000000000 DAYS AFTER THE REFTRENCT "EPOCH 


■ 2 AST 1000000000E405 
.Ze57IOOOOOOOOOE* 05 
.28700 0300 OOOOOt* 02 
0. 

5. 

0. 


A >-tf 

A ^p- 

- 4 * 


INITIAL STATE VECTOR IN EClIEmrCOORDINATE SYSTEM 

X 

POSTTTCH .?8571SO50OO9OOE-*Q5 0. 


VELOCITY 


0. 




0. 


O' 

o 




MAGNITUDE 

.285710UOC00O00E*05 

“.S7S5H83209419E*Q1 


“SEPS NASS . - 

EXHAUST VELOCITY 
ELECTRIC PORES’ ft T 1 A. U. 
FLUENOF 

THRUSTEP EFFICIENCY 
RADIATION PRESSURE COEFFICIENT 


LIST OF GRAVITATING BODIES 
SUN 

" - ra«»TH 

TARGET PLANET IS FARTM 

“INTEGRATION STEP FACTOR .S000 

THE SHADONIfC LOGIC MILL RE EXECUTEn. 


5000. TO 90 POST 00 KG 

29.4180000000 KN/SEC 
14.4250000005 KM 
O. OO COO’D 0TB O E14 PARTICLES 
1.0000000000 
-1. Bcooeooaoo 


"HEFERFHCr THRUST CONTROLS . 

THRUST THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 
FHASE ENO TINT THROTTLING AO * PTTCH A1 ‘ A2 A3 = TAN OF A4 AS 

THRUSTERS — TOEG.SEO t RFC, SEC) - 

1.000005 6.000030 0.0 00 000 

1.000000 o.oooooo a. oooooo 

1.000000 o.ootrooo - O.OOOOOO - 


THRUST CONTROL PHASING ANGLES I DEG I 

-G5.C10 0.000 0.000 


NUMBER 

1 

2 

5 


CDAYI 

5.0"0050 

8.085000 

15.000**0(T~~ 



007 - 



o* v* * ,**#************ » o*»*o ****»»***#»#«.•«>*•**»• »tf*i»*<M**tJ* 

«,»«»9o. v ».a-o*°.» TOPSEP - TARGETING AND OPTIMIZATION HOOE #•#*•**♦*«>•**********•* 


TOPSEP SUBMOOE DESIGNATION I GENERATE TARGET FD AND/OR OPTIMIZED TRAJECTORY 


method 


THF PPOJECTEO GRADIENT METHOD 


REFERENCES ROSEN, J. 6., THE GRADIENT PROJECTION NETHOO FOR MONLINFAR PROGRAMMING 
t . RAPT X , J. SIAM , VOL. B, NO. 1, MARCH, 13AO. 

?. PART II, J. SIAM , VOL. 9, NO. 4, OEC T 1961. 


TARGETING AND OPTIMIZATION DATA ~ 


NO. OF TARGETS ? 
NO. DF CONTROLS 4 
MAX * ITERATIONS 1 
OFNAX = . 100E+94 
"PCT * .500E*00 


TUP * • 100000E* 01 

FLOW a . lOOtJOQFTOt 

DR2 * . 400 0Q0 F - 01 

EPSON * B. 

STOL = . IOOQQOE-04 


GTRIALU! * . 1 00 0 00E-01 

-GTRTALIZT « VSOCOOOE»OI 

GTR I AL I 3 > a . 1 0 0 00 OF- 0 2 

GTRIALC4! = . i OOOOOE- 05 

~ GTRIALTST -5 .S OOO O OETtrr 


TARGET PAR AMETFRS 


V 

~W$ 



TARGET VALUE 


TOLERANCE 


1 RP .3L5OOOOOO9QOOOE*-05 . 20000 OOQQOQOOOEH2 

2 SNA .3r5O0Q0D0Q0r>O0£ + 0$ .20000000000000E + 02 


THRUST CONTROL PERTURBATIONS FOR COMPUTING THE SENSITIVITY MATRIX 


THRUST THRUST PHASE 
PHASE ENO TIME 
NUMBER IOAYSI 

1 0.00009 

2 0.00000 

3 0,00 000 


THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE 
THROTTLING AO a PITCH A1 A2 A3 a YAM A4 AS 

(OEGI (OEG.CEG / SEC I ! PE G, ~OT G/ S ECT fOTGT nHTG . PCG / SECI TOEC , O E C / SE C ! 

0.00000 0.00000 0.00000 0.00000 0.00000 0.00000 9.00000 

0.00900 0.00009 .00000 -.50000 0.00000 0.00000 0.00000 

0.00000 --.50000 OiOtMJOD— -V SOOTO O^OPffO O 071101100 OTOOOOO 


'USER-INPUT WEIGHTING 

SCALE ON CONTROLS IN weighting algorithm 

1 .10O!lOE*ai 2 ■ 500 0 0E*Q 1 3 .50000E»01 4 .5000DE«01 


BOUNDS ON CONTROLS 

-RAX “iIUOOOOBOBaOOE-93 . lgOOOOOOOOOOE T Cl . 9000000000aOE * 02 .12 000000QCCOE T0 3 

KIN -.10000000090 0E-03 90000 0000 3 30E*02 90000000 0800E*02 -.9000 OOOOOOOOE*02 


TNACTV(I) = 1, CONTROL ACTIVE 

0. CONTROL INACTIVE (ON BOUND! 
-!» CONTROL WITHIN TDCETRANCE REGION 

IN ACT V( II =1111 


(BLANK COMMON REQUIRED, 009566 OCTAL! 

(CORE REQUIRED FOR THIS JOB, 064100 OCTAL! 




REFERENCE trajectory integration •••**•*••*••••••*•*••' 

tMtHfiixifi vb*«»»o9*»«v *••»**•**** • **» MmxiovHvwvmtfoviit «*«*««** »?«?•** wv **av ••**)*>*««>« 


TUG MULTIPLE-IMPULSE PARKING ORBIT TRANSFER 


LAUNCH CONSTRAINTS 


MINIMUM BOOSTER LAUNCH AZIMUTH 
MAXIMUM BOOSTER LAUNCH AZIMUTH 
LATITUDE OF LAUNCH 5ITF 


INNFR PARKING ORBIT ^CIRCULAR) 


35.55005 0FG“‘ 

120.50001) OEG 
28*60 SCO DEG 


MAX ALLOWABLE EO INCLINATION 
MIN ALLOWABLE FQ INCLINATION 


CONIC ELEMENTS 
FCLTPT TC 
EQUATORIAL 


59.76472 

28.60805 


OEG 

DEG 


.6567Z60E+04 
< 6567269E*04 


0. 

0. 


IMG 

•5258145E*01 
i 2810)0 8 Or TIT? 


NOOE 


APS 


Q. 

nr 


o. 

o. 


MODIFIED HCHMANN TRANSFER ORBIT 


RERIAPSIS RADIUS 
AP0AP5I5 PADTUS 
MIN PLANE CHANGE 


£567.26000000 

28571.00000005“ 

0.55000008 


KM 

KM 

OFG 




w 


CONIC ELEHFNT" 

A 

E 

INC — 

NODE 

-APS 

ECLIPTIC 

. 17569170 55 

.6262046E+05 

• 5258145E*01 

0. 

.18000DOE+03 

EQUATORIAL 

• 175691 JE+05 

•6Z6Z046F *0 0 

.287050QE*02 

0. 

.1800000E+03 


OUTFR PARKING ORBIT IS/C AT INITIAL INTEGRATION TIME) 


CONIC ELEMENTS 
S/C ECLIPTIC 
5/C EQUATORIAL 


A E INC NOOE APS MA TA 

• ? *571 08E*C5 .5296977E-13 .525814SE*0l 0. . 18 OOOOCE»03 .1«00000£*03 . 180 OOOOE ♦ 03 

. 28571 OE*Q5 i5Z96977E-13 . 2870808ET02 TT~~ — .180000 0E*03 rnrOOa85E*OJ JtBOOO 08E* 03“ ~ 


“TUG CHARACTERISTICS AND REQUIREMENTS 


DRY WEIGHT 

1714. 60M8 

KG 

FIRST 

IMPULSE, DEL VA 

. 214422867E*01 

KM/SEC 

FUEL 

FOR 

DELTA 

•881498 37 6F *04 

KG 

HAX FUEL "WEIGHT 

1 0673. 00008“ 

"KG 

SECOND 

IMPULSE , DEL VB“ 

•145152699E*0i 

KM /SEC 

FUEL" 

FOR 

DEL VB 

— i-326125921E*8R- 

KG 

SEP S/C WEIGHT 

5000.00050 

KG 

TOTAL 

VEL INCREMENT 

. 359575566E* 0 1 

KM/SEC 

TOTAL 

FUEL 

. 120762430E*05 

KG 


TOTAL WEIGHT 17387.60085 KG 
SPECIFIC IMPULSE 309.20035 SEC — 


THETUEt TFEOUI RED FDR “TRANSFER IS “ GRE BTfR T HAN T H E T~ U GS F U E L CA P AC T T T 
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** **************** ********* ******************** *** ** **• *«* •*•• **«« ***** «i **< 

I**.’* * • * ' ****** T «AJ. INTEG. f0 * CONTROL NO. 1 * ****** 


u 


. 1 1000 ODD 5 DO OH- 04 . 4500 01)00 0 COOE*02 . 940 000 0 00 00 0E*0 1 • 42 0 DOG OtIOO OOE * 0? 


OFLTA U 


.i0QO«OO80C00E-05 0. ■ 07 ‘0. 






REQUESTED STOPPING CONDITION , TEND 
ACTUAL STOPPING CONDITION , TEND ~ 


FLIG HT TTME . 11OOOQ0BQOOOCOE+O2 

FINAtr-STir HASS 7497Q496Q00T7r6Ef 04 


ECLIPTIC 

X * -.30151 1949733755*05 VXs . 85423226394352E+0C 

X = -.759T52I7862648E*C4 VT= 3462942 3762 537E* 01 

1 = -• 6991 8 581 465455 E* 03 07= ' -.3186786 9686T1TE7W 

R 3 . 311015 S9454648E»05 V - .358095500863426+01 


EQUATORIAL 


X = _ .30 15 11 94 473 3 75E*05 VX= .8542322639435ZE+B0 

X - -. 66923058 55529 7£ +84 VY-= -.305034967565096+01 

T a “ 73663 9105 4?TB59FT1J4““ ¥7= "=715699978650 7556+01 

R - . 3110 15 394$ 46485*05 V * , 356 09550086342E+01 


RP * 
■ VP = 
TRR = 


. 30900 6534 9353 6E+ 05 
.360412T9592799E*0l 
. 10850 4619 84929E+02 


RA - .313360754789836+05 LAT * -.676542605974276+01 

= !? S? ?? 0T9<) * 233?E * 01 LON * . 18251 41 3262 25 IE* 03 

TRA = 7 XI 1666 106 544b Oii + g£ PERIOTT "= . 6 3 22 9 77 39 0 61 23E » 0 0 


CONIC ElEHENTS 
~S/C ECLIPTIC 
S/C EQUATORIAL 


A E 

73 1 1 1B45EED5"" 7 S99?9SBE=0 Z 
• 31 1 1846E + 05 . 6992986E-0 2 


INC 


.2B69972E+02 


NODE 

V35>79996E*irr 
• 3599999E *0 3 


APS 

~ .1 0 8262 CE * 03 
. 10826166+03 


MA TA 

"7851397 7 0 02 i , ~8 5938 79E *52 

. 8513977E+02 .S593679E+Q2 


************** ******************** ************* ** ***** **»**»»***»»»»* 


FF+TtTTTTTTTTT *************** **** * * * * *** * < 
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HERTURRm TRAJECTORY SUMMARY 


REFERENCE CONTROL 1 .11 OO8O0PO1OO!)OE-O4~ 

PERTU RBATION • 99999999999999F -06 

PERFORMANCE INDE* -.4<>704960007776E + 04 

"PERFORMANCE" GRADIENT ELEMENT 7 44168?67818r7r+lTSr— 

SENSITIVITY NATRFX COLUMN .520484192560916+08 

siB917t«r4539448?E*Tr7 


PERTURBED TARGETS ... RP .30 900 85 3493538E *05 

• SNA .JtIT84544BF26tETR5 

OFLTA FROM NOMINAL TARGETS .5204941 92 5809 2E *02 

^"789171945394482^*01 ~ 


T 4 U-aAS© 8200 i 6 I 829 Si- - . . 

^^|♦3S09&i066Ti6^9S , SA39dVA *IVMlHON kO»d VA130 

i0*3A62*2S£4,iI2IT£i- - OhS ••• 

50*3SS£b22E0T£060£* db ••• SldOttVA 03aa(Uil3d 

— - -20*31 196002 CC9&2I I* . 

£0*3U0STC(£96S90I<- Nhm03 XjdiVU AAIA1AISN3S 

20-36990989293.9621* ...... JJ43M313 AN320Bd3 30NVHaQ3d3d 

90*329399029690369’- X30N1 33NVMa0dU3d 

B0*3C0iJQ000QQ0CI006*- N0AAVttaflid3d 

20*3O0Qfl0U] 80CU0S9* _. £ TUdANQO 33N3&J336.- 


Advuuns Aauaoirvbi a 3 aaru«jd 


oo 
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******** * * * ** ** ** **** * * * ******* * * * ******* ****** *4 ****+♦♦♦++*♦+ 444 444444444 44 444 


20*39229959* 


£0*39026201* 

££* 36026201 -*- 

SdB 


£ 0* 3666665£ * 
£ 0 -* 30 & 6 b 66 t * 
3 U 0 N 


20*32366992* 20-32996202* 

30*309*242 60— 2 0»3299 6202 * 
ONI J 


60*363 I2ll£* 
60*3S212It£* 
V 


iBIbOAVOOd 3/S 
Olid! 103 3/S 
S1N3H313 3IN&3 


- nOT *3«* ?n*1i?ti/ QB 9 0 T 9Q TT T« - 

E0*302£9£09222129I * - N01 1 D*39£ 06593 8 T8825C * = 

1 0*30195202890 6969*- = AVI S0*3b£20£B£09C9£1£* = 


Vdl 2fl*3«29£28flu6b98D1* . . = dfcl 

•A T0*39«26£ T 2I& Q9C91* £ dA 

Vd 60*366£b22C0T£960£ * = dd 


TQ*36£00296199D85£* = A 50*32B962S9065 0 Hi * « d 10*3680 029519909SC* 

T0*31T19S£129Q550£ *- = AA <>0*322 5966 69 09 61 59 * - * A TD*3£39tiTCb262B99£*- 

Q 0 +39 90 C 99*> 1 2 89 0£ 8 * *XA 50*3*02T03266S02IJ£ * - = X 0 0 *398 C£999 (2 93 0£ 8* 


= A 50*329962593bS011£ 

s2A £Q+3QI9028£6&23C85 

=AA 9 0*399£ 99 002269682 

=XA 50*39 02 1 03256 5 02 Qi 


1BId0AVfl03 


□ lid 113d 


= d 
= 2 

- = A 

- =X 


^ 0 * 328295029690269 ^ SSXM - 3 XS JSNI 3 -- 

20*3000000000 BOOTT ' 3M1A AN3I1J 


0N3A * . NOliluNOS ONIddQAS -HCUas 
QN3A * NOIAIOnGD OhiddOlS C3AS3n03H 


> * ♦ * ♦ **.*•*-**•* »♦ ♦ t * i 


i ******* *i» t-AAtOXOlAm iMAi -** Hmtmtmtutm tt**t*»*ttt * +*?*t*tt fttrtt tttttt **._ 


*a ‘fl 00*3000900000005*- 
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n BA 1 30 


20*30 00000000029' 


TO *30 0000 0000090' 


20*30 00 000000069* 


90-30000000000(1' 


* * * * * ******* **•***•--•*** 2 *ON lOdANOO 003 *33ANI TvUA * V. . . . 


********* **** ********* *************** ******************! 


******f***t»M*W***»«*M*M«**M*».#*M»W»»t*M#M. l) M»«t»,„ J eM*«»»MM»M*M»****»**»M»»MM9»M*»fWM*M**#***M**»f»**** 

TRAJ. INTEG. FOR CONTROL NO. j®*0*«»*****«0,l#*,*„„*,»*„. 


. 11000 0080 no [K- Cl L 


.*♦50 00000000 OE *02 


►94POOOOOOOOOE*tU 


.‘♦2O0OQt>0aOOCEtO2 


DELTA U 


0. 


0. 


-.500000000000E*00 0. 


*+ + *■ + **+*******+•* + * + *♦*+** + ****** +6**1 t*i ************** -TERPTINaTT ON DATA 


** ** ************* I******************** ********** ♦*****«*( 


REQUESTED STOPPING CONDITION , TEND 
ACTUAL STOPPING CONDITION , TENO 


FLIGHT TIME . 110 0 D 00 0 0 000 0 0E* 0 2 

FINAL" S/C NASS V49rOG9T203P012E*OR - — 


X 

y 

Z 

R 


ECLIPTIC 


EQUATORIAL 


-.30301108189429E+05 

-.722772374 32815E+ 04 
-.665155 026 04 60 a E*03 
. 31 158 2948 3165 8E+ 05 


VX= . 801739? 736U44E+00 
VY* -.34693037?2034^F+01 
V7= -.3 i9264lTT29 3 75E'*'00 

V = . 35750 2220 52365E+ 01 


X = -« 3030 1104 189429E+ 05 

T = -.63 6656 743327 46E+04 

T~~ “ YJ 4855761 1241 V6 E* 0 4 “ 
R = . 311562 9483 1658E+ 35 


VX= .601 73 92 7361 14 4£ +90 

VY« -. 3055953084193 7E+01 
V7^“^TT673065S449434E* 01 
V = .357502220 52365E+01 


PP = . 30849429497996E+05 

VP = .36 1867187724 08E+01 

TPP = .109320 78 5 16349E+ 02 


PA r . 314080835 18192E + 05 LAT 

V A = . 35784 161831684E+01 LON 

T®A = - .1: 


-• 64229347640 4 59E+ 01 
.18186555951 312E + 0 3 


CONIC ELEMENTS 
S/C ECLTPTIC 
S/C EQUATORIAL 


B r : INC NODE APS HA TA 

.31 12876E+05 , 89732796-02 * . 5257666E+OI ' V35999~9 6 E * 03 " 9 6 889 8 22 + 82 ; 995 5 983E+02 *9698129E+C2 

• 311 2876E + 05 .6973279E-02 .2869972E + 02 . 3599999E + 03 .9688948E+02 .9555903E+Q2 . 9656129E+02 


+ + H f f TTIVT TTTTfTfmfTT 


TTmrmmyfTTmmT 

c 


‘T+fwtTtTmttmm+fm- 


\o 


“PERTURBED TRAJECTORY SUMMARY " 


"REFERENCE CONTROL 3 . 93 999999999999EHTr* 

PERTURB ATIO N -.5090000000 D000E+08 

PERFORMANCE INOEY -,497"493?Q39C12E+04 

PERFORMANCE GRAOIENT ELEMENT -.71 03874 fll 3 FCSir- 1 !? 

SENSITIVITY MATRIX COLUMN -.124684743?900 2E+01 

-^.TTG 9654 588522 4F*DI~ 

PERTUPBEO TARG ETS ... RP . 30849429497996E+05 

DELTA FROM NOMINAL TARGETS .62442371645011E+0P 

Tl3r ^ Bgr2?4g 6t 2E y 0l 




: - — 


.113OOO0OOODOE-O4 .450000000000E+02 . 940 000 0 0900 0E*0 1 .420 000 0000 0BE + 02 


DELTA U 

... . - — “ - T* 93 90 0 ft 0 # 0 «Hf -rM 


************* 


**«*««*. *«*****w******************** ***♦*♦♦*♦♦♦*♦*♦ 


REQUESTED STOPPING CONDITION t TfNO 
^ACTUAL STOPPING CONDITION * TEND 


FLIGHT TINE . It 030 9000 OOOOOE*02 

PIWAt^S/C'HASS ; 49704930688441E*34 


ecliptic 


EQUATORIAL 


X = -. 3C304443865B82F*95 VX* .8 00 OR 080 298787E* 0 0 X = - 

V = -.72118073635372E*04 VY= 3 4657970 1Z2919E* 0 1 Y 

- i,66T69QTr4t6931E*03 V7= -.31910P53371847E* DO ? - 

R a . 31157823548B64E*05 V* ,35751356866361E*0l R * 


« 30 30 44 A 3 865 SB2E* 05 VX= .800090802987876*00 

.63525474 128085E*04 VY= -.30563876008502£*0i 

;3477900463786JE*04 YT= — -V167338 3334390 1E*01 

. 31l57823548«64E*05 V = . 357 51 356866 361E*01 


RP = . 30851051 |47021E*05 RA 

VP s .361043787014096*01 V« 

TRP 3 '■ 1 083255M998T1 9E*07’ TRA 


.3 14076246 Bli52E*05 LAT = -.640882*7 0300 42E*0 1 

, 357R356e817221E*01 LON = . 1 818 3889976966E*0 3 

.1114887745O2B2t*02 PERIOD = 7«2642^DS1'?^E5€*00 


CONIC ELEMENTS 
~S/C ECL IPTTC 
S/C FQUAfORIAL 


A 

. 3 I 129 T 9 FA 05 
• 311 2979E*05 


E 

18 R 25098 E* 0 ?" 

.6925098E-02 


INC 
57571 
. 2869972E*Q2 


NOOE 
33999* 

. 3599999E *03 


APS 
1311 
.9714069E*02 


HA 

t9 Z'. 

■ 952825?E*02 


T A 


. 9629987E* 02 


-»♦***** **♦*♦**♦♦? 


+ + ^ »?»»»** rTT fTTyT T + T T r y PTt T rT- VV JVTTETrTTTgTVfTVTyTrrrTTTTT 


Tr rt » *» * * * rtTT * * *** * * * ***** ********* 


"j 

O 


PFRTURBEn TRAJECTORY SUNHApY” 


REFERENCE CONTROL 4 
perturbation 
PERFORMANCE INOER 
-PERFORMANCE T^AOTENT ELEMENT 
SENSITIVITY NAT»IX COLUMN 


PERTUR9E0 TARGET* . . . RP 
• • v SHA 

DELTA FROM NOMINAL TARGETS 


. 421*00 0 0 030 OH TOE *02“ 

-.500000 0000000 0E *00 


-.4970493 068 844 IE *04 

*- .98 0501761 65997 r= 1 TT- 


-.629354 54829 13DE* 01 
. 4-8TT16657 31T80E mr 


. 30 8519 51847 021E *05 
. 3 1 1 2 9T0 « 26408 *OE 


.31467727414565E*01 
• ^? 49 6 5832 a 6 5890 g»&r 



■WEIGHTED SENSITIVITY MATRIX 


.29B2?e*i" 

-.51092E+09 


-.31111E*B5 -.35777E+03 -.18030E+04 

• « 32247E*04 -,78772E*0J -T13TR 9F*C4 — 


'CONTROL VECTOR INNER PRODUCTS 


1 0.08000 

2 .9978" 

3 .25364 

4 .68034 


.’99780 
0.00000 
. 31745 
.72747 


.75384 .68034 

. 31745 .72747“ 

0.00000 .88159 

.88159 0.00000 



THF FOLLOWING CONTROLS ARE LINEARLY OEPENOENT 


“O' — 


WEIGHTED SPACE IINTFRNAL' UNTTSV " 


-.32559 74S2860E+ 03 186309159600E*93 


STNV 


-.1589910N2594E-09 
-.45078 119 T 832E- 04 
'-•18 178 6491959E- 04 
-• 36137581 2 567E- 04 


288537J94137E-03 
- . 2631 14690 096E-0 3 
-• 106 106? 13 40 IE-03 - 
-» 21 093 80 15 262E-0 3 


OU 1 


- 0 . 


sTTr 




"DU?' - ' — 

-.5 8933 83816Q4E -06 -. 636979982220E-0 1 -.2568748 02 010E- 01 -.510 644966489C-01 


00 ___ 

-• 58 933 8 301 60 4E -06 - . 636979982220E-0 1 -.25687460201 OE-Oi 5106449 864B9E- 01 


UNWEIGHTED SPACE « INTERNAL UNITS! 


SINV 


-.15 899 1 04 2 554E- 0 9 
-.225390598916E-03 
-.908932299793F-04 
-.18068790 6 28 4F-03 


-.28853T194137E-08 
13155734504 8E-02 
-.530531067094E-03 
105465007631E-02 





•o 


•o 


-2-0 


*0 


•0 *a *0 10*3000000 OUQGOT * *0 

BHMB9 

*0 *0 *a £G*3A9bZ2/2/9aSS* %0 «3626b992£409T ' 

' ___ Zdld. 

_L0 Ml ti UDL*3flS09£220a(ii»S* _90 *32/3.03892/ Q9X! 

2 d 


•o *0 *0 10-39901/888890/* TO - Jbbl99/STbE8/* 

- —— 

Q0*3992£6922£9S2*-~ 00 *3S 00T09/£982T •- 00+30TIT66&898TE*- 90-39u91 MBEEbSS*- 


£0*326/6801‘ £ 0*31 QSB/CT * 20*38818/0/* £0*3666666£* 20*32/66982* 20-319200/9* S0*3I6682T£* IBIttQiBnOS D/S 

; £0* 3 2 6/5 9 01* £ Q*3C9fr9/(it * 20 * 3322 9 X 0 / * £ Q *39 6 6 6 6St * I fl * 39 9 8/ S 2S *, - .-20^319200/9* £0*3I66e21£.* DI/dUDi D/£_ 

CO vi VM SdV iOON ONI 3 V S1N3H313 01NOD 

i. 00 *3,f if /q* 60 £nr<;/f o' = oaX63d ZttlU9i22U/iZHr. 3. Sdl 2a43988£/09QQ60tiiI.*_. — = -dfel. 

EQ + 368916U26E9&91* = NOT 1C*39E22S££69 T69S£* = 9A TO *3 99T29T 999 1£6S£ * = dA 

Q 0*368 0S/8 65ST 990 £ * * AVI S0*36899£/8SS6691£* = 86 S0*32£bT0 b8S2D801£* = a 6 


TD* 36 S 998 T 6 T 2 /T 9 S£* = A £ 0 * 300 £ / 99 T 99 S££l£ * - 6 TO+ 36 S 990 T 6 T 2 /T 9 b£ * a A 

. 10*38 9 S 106 0 S 91 O I/ 3 -i-s =l 2 A £U* 39 £ 1 . 99 b Si£ 6 fc/ 9 I^. =-Z _[HU 3 -t£i 9 S/£j: 0 91 9 Z£ * _=ZA . „ 

T 0 * 3 / 20 £ 0996 / 9 £ZT£*- =AA £G* 3 /£f 9 TS£ 81 E/ 90 £ * = A T 0 * 3 SC 9 /£T£ I&T 99 S £ •- =AA 

TC- 32 S 89 T 9 / 62 / 8 E 29 *- = XA SC* 3 /TS///T 69 £S£I£ *- = X T 0 - 32 S 88 T 9 / 62 / 9 E 29 *- = XA 


S0*30C£/89199SS£I£ * 
ZQ*39<i/228<22Q92D2£* 
£0*3bb9T9S99T1289£ * 
S 0 * 3 .<.TSZ// 1691 &£l£*- 


*181601 800 3 


OlldllOj 


= 6 
= 2 
= A 
= X 


.tjfl*3£i.9&T9£Z290/b9 *..... SSVtt. 0/S--D8HIJ 0N31 *.. NQI1IONOD ONIddOlS 180108 

20*300000000000011* 3N11 1H9113 QN3A * NOIllQhbO ‘jblddOlS 0315/0036 




BXK.0 MQ T mmUij f ♦ +»444*4+ ****** ******* *********** *+*+♦»**♦»****♦♦* **♦**♦_ 


-20*3Z//2I0&8299I Ill *322600 126BS£/*r _„.2 0 *38 Z0£2£I«928 T *- 90 -3£/« £/&S99/££ * - 


n 81130 


20*300 0 000 0 00 029* 10*30 0 0 00 0000 0 96* 2ii*30Q0 0 0000 0 0S9* 90 - jOOO 0 OOO 000 l T * 

’ n 


*********#*****4a*****«******4******d***®*********** a * <,,, ********® a **®® , ‘*****’“ , ****‘'*° < ‘** <, “ a *********************‘* - " - ***** # **'***‘’ 
* */* it*t*»****»****«*»*****^ *<> N ’331N1 TV61 iBldi ************************** a 

4**4444*44 a******************** 4*4* 4**4 *4* 4**44* 44 4 44 44 44 4* *4***4 


4 *# A # 6*4 ******** * ******* ****** 0 *** 0 #** ****** 4 



vm3MX3 oh svh Diana 


•0 

*0 

*0 

T 0 +329168 0609/21* 

10+300000080*001* 

*0 

VHHV9 







•o 

•o 

*0 

EU+30221ES6ZB2S6* 

£0+3/9622X2X8095* 

90+ 36266 692E/06T* 

_ 2dld_ 



ut- .. £.0*A«-TX8i2£082 S*> • 

k0*30B06£2Z0AO6&V -- 

60 +32/2 DIB 6 2X0 9 1 ? 








2d 

•o 

*0 

•B 

10-360581066/269* 

10-39601/889860/* 

T0-366169/516£9/* 


- 





90 -329£SJ62 2ZESX ** 

Id 



00+3160£S£SZ£92£*- 

00+39 9£2/ 9651691*- 

00+301/951650/06*- 

nu*n_ 


r— 




E0+39S09STT* E0+398I66TT* 

gg^ 39 & P9 6^T^— -8C* 398T6 » IT * 

VI VN 


20+30022809* £Q+366666S£‘ 

?P^39£?? a ^ £0* 3 9 6666 fc t-^ 

SdW 3COM 


20+32/66982* 


3N1 


2C-38T2%£99* 
1 - 39126199 * 
3 


S0+3x6I2£U* 

.SA+.a3<lI2£lk* 

V 


*+* * ** 

iviaoivno3 d/s 
3ixdi_\aa o/s 
SINiM3T3 DIHOD 


DP* 

£0+399690562599991* 
T 0 +329055885596 T/ I * 


NOT 

ill 


IC+BTIT/IbZO&CZaSS' 

S0+39T698l092faZSI£‘ 


= Vdi .. 20+3266/5908*96x01* - = 3oi 

= VA T0+39162S/S9i TX6S£* * <>A 

=. sa SC+3TT9009tZ9£TTI£* “ 


TO +309S996960£/SS£* = A S0+3bZ5208$6T0 T 6T£ ' * N 

10+30219/99/626 0/*^-- — =2 A — £0*39£2Z04b6T686£6! =■— 2- 

T0+3Q/Z6l5/8bb2Tt£*- =AA 60+3256bl6/9E/9T/T* = A 

00+3588E/E16E 66262 •- =XA 50*3/162/9 0tlb6£l£*- * X 


TO +309S996860£iSS£ * 
410+36211696S6Z2S2£ ?--- 
T0+36/£60£/5906£59 •- 
00+3SS«£/£T6ES6262*- 


* A 50 + 3b2620866I0T , tl£* 

=ZA. . £0 + 36656£TZ6I££bZT* 
siA *ifl*3nT089686E 68661* 

=xa 5C+3xi62/boii66£I£* 


Tiiaoivnoa 


DI Id 1T03 


= a 

...s.Z 

= A 
- X 


___*^362912T182* Ox 66-!— ££**-£/£- T*NU 

2Q+30000000CCCQOTT * 3HI1 1H9I1J 


GN3i * NuiiioNoa DNiddOis Tiniav-- 

QN31 * NU1 ilONOD OWddllik G3iS3n03M 


>* + + » + «t*+ + *«+-*+++»+t4+**+t*+*+**+ 1 * 1 


«**+^-S£*0 -MUUWJiiNil-** *** .****♦ + **** + *♦ »**♦ 


ttt+tt++iii+»t+tt*tt+ttt+it++ttm._ 


-20*36XX6k»O/698l -* £TU36fl6Tb69£5Q66i*.-. - 20 + 39T69TAA22E£2 * - 60-3/19SU8/9ST£6*- 

ft V1T3Q 


20 + 3000 09000002*1* T0+300000 0000066* 20+3000 00800 00S6* *>0*30000 OOOOOOT 1* 


«»»»«**Mt«**+**IM««***++*«+*+**‘ + M *** WMi ** M>l 

*# »" + * * .... 4 *<*«*•« 2 


************* 




I ^ *** ***** ***• ***************************** ** **** ********** ** *************** 

*ON *031Nl TVMi TV INI ******#* + -* + • + + ** + ***•****• 
»*«*** *********** **•*•*•• ****** ***••**•«»***■*+*•• +++*•+•++ + ++**• 
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3.2.2 GODSEP 

The GODSEP sample case performs a short error analysis over a 
trajectory similar to that used in the TOPSEP sample case, except there 
are no radiation flux or shadow effects. The initial conditions cor- 
respond to a 12000 km circular orbit on March 21, 1980, The run actually 
consists of two cases, the first to create an STM file containing appro- 
priate state transition matrices and the second case performs the error 
analysis . 

The first page of output is a reproduction of- the $TRAJ and $G0DSEP 
namelists used to create the STM file. Of particular interest in $TRAJ 
are the variables M0DE = 2 (for GODSEP), ISTMF = 1 (for STM generation), 
and IAUGDC = 1, 1 (for augmenting the basic spacecraft state vector with 
thrust bias parameters) . The $G0DSEP namelist specifies STM time span 
from 0 to 7 days and only one scheduling card. STM time points will 
correspond to the single eigenvector event of .5 days and to the schedul- 
ing card which follows $G0DSEP. The scheduling card is a set of dummy 
measurements to create transition matrices at one day intervals. 

Output from the run begins on the next page with MAPSEP initiali- 
zation print. This is followed on the next two pages by GODSEP initiali- 
zation print and the standard TRAJ print blocks every 35 integration 
steps (IPRINT = 35 in $TRAJ) which are displayed during the creation of 
the STM file. STM generation ends with the output of the last STM record, 
over the next two pages. This contains trajectory related data such as 
current (TCURR) and previous (TP AST) STM time points, and finally the 
transition matrix (PHI) over the interval TPAST to TCURR. 

Next, the namelists $TRAJ and $G0DSEP are shown for the subsequent 
error analysis using the previously generated STM file. With ISTMF = 2 in 
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$TRAJ, reference trajectory data is obtained from the STM file, #G0DSEP 
namelist for the second case specifies a spherical a-priori knowledge 
covariance, one guidance event executing after one day, and no measurement 
print. The total augmented state consists of nine solve-for parameters 
(S/C state and thrust biases). 

Five scheduling cards specify three measurements occuring at .5 
days (2-way range-rate, 2-way'range, simultaneous azimuth/elevation 
angles, all from Canberra), one C02 horizon scanner measurement at 
3 days, and one star/planet (Earth horizon) measurement at 6 days* 

Output from the error analysis run begins with MAPSEP initiali- 
zation print followed by 3 pages of GODSEP initialization print, includ 
ing the input a-priori covariance. 

The first event printed is a low thrust guidance correction. This 
begins with a TRAJ print at day one which marks the beginning of the guid- 
ance interval. The state transition matrix and effective process noise 
(Q) matrix are displayed. These are used to map the error covariances 
since the time of the last processed measurement (.5 days) to the guid- 
ance execution time (1 day). Next, TRAJ prints are output corresponding 
to the end of the guidance interval (4 days) and time at which target 
variables are evaluated (7 days). After the TRAJ prints, the sensitivity 
matrix of guidance cutoff state with respect to thrust control parameters 
(thrust magnitude, direction angles, and cutoff time) is shown. 

The knowledge (estimation error) covariance is printed at guidance 
initiation in standard deviations and correlation coefficients. After 
the knowledge covariance, the control (actual error) covariance is shown 
in analogous fashion. 
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namelist for the second case specifies a spherical a-priori knowl- 
edge covariance, one guidance event executing at L + 567 days with 
a half day delay time, and no measurement print. The total aug- 
mented state consists of 15 solve-for parameters (S/C state, thrust 
biases and Encke’s state) and nine consider parameters (tracking 
station location biases) . 

Four scheduling cards specify (1) simultaneous 2-way/3-way 
doppler measurements twice per day from Goldstone and Madrid, (2) 
2-way range once per day from Madrid, (3) 3-way range once per 
day from Goldstone and Madrid, and (4) three simultaneous star- 
Encke angle measurements taken twice per day. 

Output from the error analysis run begins with MAPSEP initial- 
ization print followed by four pages of GODSEP initialization 
print, including the input a-priori covariance. 

The first event printed is a low thrust guidance correction. 

This begins with generation of required transition and sensitivity 
matrices, as represented by TRAJ print at 566.5 days (last effective 
time of tracking to be used for guidance computations), 567 days 
(beginning of guidance interval over which thrust control corrections 
will be computed), 587 days (end of guidance interval and time of 
nominal thrust shutdown), and 593.5 days (desired target time and 
time of nominal Encke encounter). After the TRAJ print, the 
sensitivity matrix of guidance cutoff state with respect to thrust 
control parameters is shown. 

The knowledge (estimation error) covariance is printed at guidance 
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After the control covariance display, VMAT and SMAT are printed. 

These are sensitivity matrices of target parameters WRT guidance initiation 
state and target parameters WRT thrust control parameters, respectively. 

VMAT, SMAT and BURNP (S/C mass and thrust acceleration magnitude at guidance 
start and end) are also provided on punched cards to be used in subsequent 
GODSEP runs in order to minimize computational time (See $GEVENT in 
Section 2.3.3) . 

Guidance corrections are computed next. The reader is referred to 
Section 6.6 of the Analytic Manual to better understand the actual guidance 
computation logic. The guidance cycle uses the various sensitivity matrices, 
thrust control constraints, and control and target weighting in ultimately 
computing a "final" set of control corrections. The cutoff time refers to 
an imposed cpast period in the nominal thrusting profile, but would normally 
be associated with thrust shutdown for a shadowing segment. Also shown is 
the additional propellant needed to execute these corrections, in this case 
.1356 Kg. The GAMMA matrix is the final guidance matrix of control correc- 
tions WRT guidance initiation state error. 

Finally, the guidance event ends with a display of the new 
control covariance, which assumes all guidance corrections have 
occurred, and the projected target dispersions before and after 
guidance initiation. 

A measurement event is printed next for a star /horizon. 

This is the last measurement in the run and is printed even when 
no measurement print was requested. The TRAJ print is followed by the 
knowledge covariance before measurement processing. Navigation related 
matrices are output which include the observation matrix of augmented 
state WRT the measurement and the filter gain matrix. The knowledge 
covariance is then printed after the measurement (s) have been processed. 
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The final event shown is a "zero burn" guidance event. This 
occurs automatically (if a previous guidance event has been executed) 
at termination time (TFINAL = 7 days in $G0DSEP) to display the final 

knowledge and control covariances. 

For this GODSEP run, the contents of the SUMARY file are printed. 
Results of every measurement (before and after processing) are displayed 
and include measurement time and code, RSS S/C position and velocity, 
and the standard deviations of the knowledge covariances for both S/C 
state and augmented solve-for parameters. 

By necessity, only a limited amount of program and print options 
were exercised in this sample case. The user should read Pages 31-34 on 
output control for a better understanding of GODSEP flexibility in terms 


of printout. 


GQDSEP Sample Case 


PSTRAJ 

TLNCH=2444320 * * TEND-7* * 

SCMASSsSOOO. * 

STATF= 28571*#0.t0.»0.» 3. 7209449 3255405 f 
THRUST=3.,10.»l.»20*t.007l7*l0.t-7.t6* f 0,»63.* 

PHAS=0 • »90 * t 
STEP= 1 * * 

ENGINE= 1 4,425*0** 14*425 ♦ ENGINE ( 17 > =1 .E20 * 

ISTOP=lt 
I PRI NT = 35 * 

I AUGDCsl * 1 f 
I STMF = 1 * 

SEND TRAJ 


PSGODSFP 

TCURRsO.t TFlNAL«7#f 
NEIGENsl , TEIGEN=?.5t 
NSCHED= 1 ♦ 

SEND GODSEP 


U 


0 


7 


1001 




Mafii nEtniM tttrvtttttrt* r ll rtf ft* t.ft.t 1 1 * * t iMfMMM 


TRAJECTORY INITIALIZATION 


INITIAL PPOCH ('’f-FFPFNOE nftT^j 

JULIAN 1 ft IF .... 2444321. IJQQOaaOOO 

-C AL r NOAR PA It ....---19ttD MAR 21 12 MR 0 NlN 0.0C30 SECS 

TRAJECTORY STA °T cor,nH * , 3 r 010 0 0 0 1 <3 DAYS AFTER THE I NT T I AL EPOCH 

JUL TAM 04 TF .... 24 4432 C , 00 9 00 3 0 00 1 

-CAL^NnAR OATF IRAQ HAP 21- 12 HP -Q MTR - - J. O 03 0 SECS 

TRAJECTORY r N0 <^P0CH 7 . 0 00 C C J 0 9 0 C OAYS AFirp THE INITIAL EPOCH 

JULTAN DATE .... 2444327.30 00030GO 3 

CALFMO ap DATE — i^gC-HAR — — 2fi— - 12 HR 0 HTH -3. 3000 SECS 


VECTOR IN ECLIPTIC COOROINBIE SYSTEM 

X Y Z MAGNITUDE 

_ .,28 571 0 0 W 0-0 0 03£ ♦ J 5 0. 0 .28 5Z.1A&& 00 00 OOEaHS 

3. . 372994 49 OOOOOOE+Ol -. 3255435 03 00 00 0E> 00 . 37351SB 3053435E*01 


INITIAL STATE 

. POSIT inn 

VELOCITf 


SEPS MASS 530a.9390ra0000 KG 

EXHAUST VELOCITY 24. 41 A 1 ) C 0 3 0 3 3 KH/SEC 

ELECTRIC POWER AT 1 A,- U, — *4»42-S04J-000 0 0-KM 

FLUENCF 0.3003000300 E14 PARTICLES 

THRUSTER EFFICIENCY 1.1300000000 

R A O I A T-IT3N -PRES SW E OE F-F-ICTERT * «4*-0000 0 OOOOO 


LIST OF GRAVITATING BODIES 

— SUN 

F A°TH 

TARGET PLANET IS EARTH 


INTE&p AT X ON STEP FACTOR 1.0000 

p-^OGIC MILL- NOT- 8 £- EKECUIEC*— 


REFFRENCF THRUST CONTROLS 

THRUST THPUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE 

PHA-SE f NO TINE I HftOt tg-X-MG — — A 0 s .PITCH - ..... Al - A2 — — CE- A4 

NUMBER (3 AY I tllEGI I0EG.SECI IOEG.SEC) 1DEG.SEC1 THRUSTERS (OEGiSEC) 

1 1C.C03300 1.000030 20.000000 ,007170 10.000300 -7.000000 6.000030 0.000000 


THRUST PHASE 

AS 

(OEGtSECI 

63.000000 


THRUST CONTROL PHASING ANGLES (OEGJ 

0.030 SO. 000 0.000 


0.000 



*Q.;', 

SCHEDULED TR6JECTDRY TTHF 0.000" DAYS Sj 

STH-FJLE — TRAJECTORY- TIME- 0.0WG--O4YS ; “ ~ H 


■HEA Wft - E ^FHT-A^n-OPQPA&Ay EG* -€»FH<- SC H ED U LE - 



) 3GL4JA-VS-IJX 


t,CM04 DAYS. — -COW «tt.- 4004 


-1 EIGENVECTOR- EVE-NTS 

EVENT T^E (OAYS) 


P? 5 



GUIDANCE EVENTS 


PB£ 0 1 CTTON r VENTS-- 


CURRFNT RUN SEGMENT CREATES STM FILE 


JULIAN DATE -- 244 43ZH. 00 CQ03Q0 

-OATS- FROM LAUNCH-.” ... J. .00030000. 

DATS FROM C'JTOFfT — *. 000300? 


t* CONTROL PHASE-CHANGE 

CONTROL PHASE — 1 

.PRESENT -MASS (KG) — 5 0 OQ .0.0000 000 0 

PRESENT PITCH (DEGI — 20.000000000 

PRESENT YAM IOFGI-- 290.001000000 


PRIMARY 800V — EARTH 

_flu 4 (£14) -r n.aa ofiQaoonc 

FLUX RATE (E14PSFCJ — 0. 

AVAILABLE POWER (KHI-- IN . 425 0000000 


THRUST PHASE THRUST PHASE THPUST PHASE THPUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 
DURATION THROTTLING AO = PITCH At A2 A3 = YAH OF A* A5 

((JAYS) ...... iO£G) (DEG , SECT - (OEG.SEC) (0EG»SEC1 — THRUSTERS — (QEG*S£UJ ID£G«SEC) 

10.000J"'?0 1.0303100 20. 0000000 .0871700 10.0000000 -7.0000000 6.0000 0. 0000000 63.0000000 


ssszss: ECLIPTIC 
BODY RFLA TT V r S/C STATES 
SUN POSITION 

.... VELOCITY . .... . .... 

FARTM POST T TON 

. .... . -VELOCTT.Y 

S/C ACCEL ERAT TONS 

PRIMARY BODY 

PERTURBING BODIES 
THPUST 

J2YRA0. PRESSURE 


- . 14911 36522 364 IE* OR 
. 524075B735277.5E_-.Q1. 

. 2fl57lPOOOaOOOOE*05 

O.- — 


-.488? 90668605 19E- 33 
. 228942118517”) 4E-Q8 
-. 24G79A44144338E-07 


269451 42067351E* 07 
-.26171724366265E + 02... 


..1721) 9449 OOOflOOE* 01 


.t»210 5475 750162E-10 
.626125299O6232F-07 


-.32 554 Q5QQ0 IflOflELt £ 


-0.. — 

o. 

1043O982466295E-C6 


MAGNITUDE 

. 1490 280134290 2E* 09 
..Z61?_3«0i57559SEJJL2_ 

. 285710000 oooa 0E*Q5 
..3735 15430 5 3435£Yai_ 

MAGNITUOE 

-. 4 8 8 29 8 6 6 A 6 0 5 L9E -dl 31 
• 229026340 2586 IE- 0 8 
•19613841865524E-06 



JULIAN 9ATF -- 2444321. 999190 11 

OATS FROM LAUNCH — 1 . ^V^lPO 1 1 

OATS FROM CUTOFF— F.030309B9 


CONTROL PHASE 
PRESENT NASS (KG) — 
PRESENT PITCH tn£G) — 
PRESFNT YAM (DEG) — 


1 

4994.241791753 
19 2.0 450 33635 
51 . 996766201 


PRIMARY BODY 
FLUX « E l«* » — 

FLUX RATE (E14/SECI — 
AVAILABLE POWER (KM)-- 


EARTH 

0.0000900000 

0 . 

14. (*250000000 


======= ECLT°TIC ======= 

BODY RELATIVE 5/C STATES X 

-SUN -■ --AOSITim 14896 115005425E* 09 

VELOCITY .24J538ft729B239E*31 


Y 

7**575 812342«0F>07~ 
■.333077#?90C624E*02 


Z 

•^*4276*3636 *1945*04 
.3i6i697B532835E*Q0 


MAGNITUDE 

^ 14916 « 677601 C 2 E *05 

. 333960 9*646916E#02 


—EARTH POSITION 

VELOCITY 


■,27 03B2225952S9€*O5 

.132337 24 131724ET01 


-»l-032 090 240340 6E* 05- 
3451599361*94 8 Etpl 


.316169Tfl53Z035E*OO 


2 8 956-43821866 4E *05 
37100969573772E*01 


• -S/-C- ACGELE R*T IONS — — - 

PRIMARY BOOT 
PERTURBING BOOTES 

- THRUST- -- 

J2 ♦ RAD. PP r SSURE 


.44389 3860 6T663E- 03 
221891*92898241-08 
— . 10 716 35-56-9 868 OE- 07 - 
0 . 


16944136493383E-03 
23860 7863 8767 9 F “ 09 
1-23*3 3 26 114631E *05 — 


2 NACWlIUOE— 

-. 1547768492 37 02E» 04 .47538573149988E-03 

376950 1397 2690E-10 . 2232026 S5 1 5 1 fc 4|- 0* 

0. 0. 


-JULIAN DATE - - 244432... 036484 36-- 

□ AYS FROH LAUNCH — *.C384R437 

DAYS FPOH CUTCIFP-. 2.96151563 


. -_CONT«OL--4 , HASE-.. 

PRESENT *ASS ( KG> -- 
PRESENT PITCH (DEG) -- 
petSEHT -YAH (OEG) <**■ 


- -1 

4988.368072696 

355.109359711 

-306.146204525- 


PRIMARY-BODY 

FLUX I E 14 ) 

FLUX RATE (El 47 SEC) 


£AR_IH 

o.oDaaoaouco 

0. 

44.5250000000 


s====== ECLIPTIC ======= 

— BOOT RELATIVE S/C- STATES - X 

SUN POSITION -. I486 29Q2154366F* 09 

VELOCITY -.3252355P733126E+C0 


Y . _ 2 MAGNITUDE- — 

13090 73020 3484E+08 1 8662 8 )86« 1 337t* 0 4 . 14‘J20440055179E*09 

2 73474171 88989E*32 2617249363 3395E*0 0 . 2705i3o387i0499E*02 


EARTH POSIT T ON 
VELOCITY 


.2i16?l''6558926E*05 
- .? 456 t 94 4 90^52 6 Ft ’’l 


,194590151002l9EtS5 
. 273**439773579QFt01 


-.1 ft662808681337FtC4 
-. 261724 93o83395E+ 30 


.. 29 -' , 3 '‘ 9 a 39 9 & 599 Et 0 5 
36853*6405 9683Et*'l 


S/C ACCELERA T TONS 
PRIMARY BODY 
—prRTUROING OOnTE-S- 
TH P UST 

J2 t RAD. PRESSURE 


X 

34542029039041E-03 
1 930 70 85.3.7 .1394F- 08 
29693665312049E-09 


Y 2 MAGNITUDE 

3J738125451195E- 0 3 , 29480410573921c. -*C4 . 46 332 22498934 6E- 03 

5301 44761 46159f-C9- ,75566 52R592C24E -ID-— — — *20 0355910 5 7719E-0* 

11593368 043632E-P6 15B77404900868E-06 . 19659577621066E-06 

0 . 0 ■ 


JULIAN PA T r — 2444326* 114747 r '8 
DAYS FROM LAUNCH-- o. 11474760 
DAYS FPOH CUTOFF-- .A8&25248 


CONTROL PHASE 
PRESENT HASS (KG) — 
PRESENT PITCH (OtG) — 
PRESENT YAH (OEG) — 


1 

4982. 3*7873028 
216.914150788. 
21.7083*3519 


PRIMARY BODY 
FLUX (E14I- 

FLUX RATE ... IE 14/ SEC ) - 
AVAILABLE POMER <KM1- 


EARTH 

0.0080000000 

0 . 

14.4250000000 


====== FCL IPT TC ======= 

BODY RELATIVE S/C STATES 
SUN ° OS I T I ON 

V-E-LOCTTY 


X 

-.1481P679794781Etn9 
. 6450 399126 3510F* 01 


Y 

-. 18469 697 0280 26 Et08 
... --.31345248034442E* 02 


2 MAGNITUOE 

.26259 775945211Et04 . 14933 3 374 70152Et09 

. 166*7*690 6Q440F+-00 l.«-32C02SQ1023afl2E*02~ 


EARTH POSIT iri‘> 
.. -VELOCITY 


~.13595472i<>399l c t05 -«26232124585996 E*j5 

- - .42568 9864 4 46 ?4£* 01 -* 16758265214745E*01 


. 26259775945211FtC4 . 29662383296016EtOS 

156* 78690604405*0 0- .4 666555842015 5Ft0 1 — 


S/C ACCELERATIONS 
- -PRIMARY -BOAY - 
PERTURBING BODIES 
THRUST 

A— RAD* --PRE SSURE- 


X 

... 20 764 0 750950615-03 
-.14436608547616E-08 
. 12T077O493931QF-06 


Y Z MAGNITUDE 

.44363765 129639F-.03 -.4010 599666 1588E- 04 .45 302 7 26 192118E-04 

» 79824671 Z52583E-09 -• 1 046 4*30 648924E- 09 ■ 16529687697180E-0* 

1 3150 5 4*7 343 86F- 06 . 72802726 179Z20E-07 . 19683174378*00E-06 

f»- ■ ... a* O— 


-0 



TC'JPO 7, no? 

Toft$T 6.0530 

NOI»x 3 

N T a t 

apcuT 

. 15J5?759 C -»J8 -.7<.46 61fc903 9 . 1 060 9938E- 09 

. 1535?759F-38 - , 7<» i»681fc9£- 39 . 1 Q60993BE- 09 

C . 0 . 0 . 



. 880 0 1 - . ?9bQ975*'O02 0. 

0. 0. 0. 



0. c. o. 

0. 0. o • 

- . 19739736E +09 - . 2068fcSl 8£* 0 ft - .266257300 09 

. 1633 9159C *05 . 260 86090035 - .266257 30E* 06 

0. . .. • 0. - o. 

i>. 0 . n • 

0. 0. 9. 


3. 3 . 0 • 

0 . 0 . ? • 



U^L* 

. 16933679009 

« 29 * 7 1816005 - 

0. 

0. 

1. 

rt , 

0. 

0. 

r* . 


Oo 



n. 

vpel 


♦ 395 20044*04- 


-.3?a52268 r *9i 

0. 


0. 

0. 

a. 

8. 

1, 

-ft* 


^7*?Mwr-*12 — 
.173966626*01 
3 . 

3. 


n. 

o.... 

3. 

0 4 

g ... 

3. 

0. 


-.1 76139076* CO— 
-,176139Q7E*09 
0. 

a. 

0. 

0. 

-0^- - 

1. 

a. 

a, 


a. 

o. 


& 


141:91546*05 
3205:?2SSF*01 
3}871816F*C5 
365 11 *8 3 £*"1 
1 442500 3 E ♦'* ? 


. 76386093E*05 
. 17?96662E*P1 


- . 266257 3 OE ♦ 04 
-.17613907E+00 


o. 
o. 

-VREL H — 

. 279 74195F*0 2 
. 365 1 15BPF *D1 

— a-. 

0. 

1. 

- 0. 

0. 

n. 

-4. 

0. 

3. 

n » 

UTOUF 

V T R U F 
.UTPijfx 
VTPDE“ 

H«>OWE® 

-«T 

-« 9 1 6'7 191*F-07 
1291*55^-06 
-.*A7 10O74F-07 
GTSAVE 

-.9167lHtflE-07 

.128 16653r-oi» 

-.687TQ974F-07 
G°ERT 0. 

FL* • -1. -- ■■• - ■ • — 

FLXDDT 9. 

PHI 

25A7C7:»A£*0 2 .14 71bOC9E*OZ- — 1 lb?6639E*01 

n. 0. 0. 

. 286479 67E-33 . 2 B 261 755 E- 13 16945717E-Q4 

<.»-3163n?J4t*30 . 98 52 6543 E- 02 3344J962E *00 

0. 3. 9. 

25299250E*Q1 5 M26266F* 01 . S 9128 0 21E+00 

.24-156R96E*«.& .4 0 6503506 *06 -.11385734L+C5 




.l*81*580E-06 
- • 9167 J9f 4F-07 
. ^.cw,05A7r-6E-0 7 

» 128 1 858 1 F- 3b 
» .9167390 4f -3 7 
,9f 95*7fJ6E-07 
3 . 


-*1199 97 8 <*E -96 
-.248992165-11 
.tK789226t-06 

-*1180979 4E -06 
-.24A98216E-.11 
. 15759226E- 06 
0 . 


0. 

. 1 5 ^ 6> 7 <3 57E* 0 1 

. I 44C68 555*04 

• lOCO 1 ' 100E*J1 
. 257693 80E-01 
-.873168985*42 
9. 


0. 

.246992725*01 
,...56429467t*03 - 
0. 

.424^73966-01 
.4J37679i*£*02 — 


0. 

-.57B59605E+00 

-.317668185*91 — 

0. 

-.47722379E-02 

.232129166*01- — 

. 100 00 0 OOF ♦ 01 


-.1628463 IE- 92 
• 32348353E*01 
0. 

-.20106504 6-^04- 
-.59964231E+05 
0* 

-.149515816*02- 

•243295B4E*05 

0. 

- . 9431 A 94 IF -91 
.39393175F*Q3 
0. 


_-* 2797944 8E- 0-2— 
-.458362UE*00 

0. 

-*-♦ 156 41 749 E- 94-- 
.307t7436E*05 
0. 

-~. 244254 . 98£*02 

115L1086E*Q5 

0. 

> 00 -- 
-.1435l6ll£*0t 
.10000000E*01 


.2S233583E-03 

* 1 0 83 3925E-Q1 
0* 

.41 941-9926-03 

- -.30726093E*04 

0. 

-» 66 421796E*04 
0. 

-.1908005 < 

•1 7767 129E*02 
0. 
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PSTRAJ 

ISTMF=2. SEND 


PSGODSFP 

IPFORM = It 

PCltl)=*lt P (2*2) *• 1 * P < 3*3) =• 1 * 

P(4*4)=.000l* P(5*5)=.000l* P (6.6) -.0001 ♦ 

PS<1.1) = •022* PS (2*?) * • 035 * PS(3*3) = 

MPFRFQ= 1 3*0 * 

I AUG=3*1 * 

TCURR=0*. TFINAL-7.. 

NGUI0=1* TGMlDsl.f TCUT0F=4.. T IMFT A=7 • • IGPOL 
NSCHED=5* 

EPSIG(l*2)=.l**01*t01* 

EPTAU ( 1 *2) -3* • 02 ♦ 

EARTH ORRIT GODSEP 


.5 1 05 

.5 *05 

• 5 .05 

3* .05 

6. *05 


SEND 


.5 
.5 
• 5 
3. 
6. 


1003 

2003 

3003 

7000 

4001 


035. 


1* 



* » **»* * * * f f »«« *•#**»****»*•** »•■»** »♦*»»♦ * >» *••••** • ♦*» * *»♦'* ♦* ♦♦* * 

trajectory initialization 


INITIAL £°OCH (REFERENCE' DATM 

JULIAN RATE .... 2*4432O.OCO0a3OCO'» 

C-ALENDAR OAU- •-•-»• — 19&0 -MAR 21 12 HR . -0 MIN -0. 3QO0 SECS— - 

TRAJECTORY START EPOCH 3.3003000C30 DAYS AFTER THE INITIAL EPOCH 

JULTAm DATE ,,,, 2444320. 0000000013 

CALFRCAR ..QAJF- L3AC—MAR 2i \Z Hft-.Q-MIN -0.000.3 SF.CS 

TRAJECTORY r Nn EPOCH 7, C?00 3 330 j" 0<^YS AFTER THE INITIAL EPOCH 

JULIAN RATE .... 2444327.0" 9 3 930 DO” 

... CALENDAR -CAIE—..-..-.-X9AQ -MAR 2A~ ~ -12 HR 0. HIM -3^0000 SECS ... 


OO 


INITIAL STATE 

VECTOR IN ECLIPTIC COORDINATE SYSTFH 

X Y 

Z 

MAGNITUDE 

vX) 

paSTTTCN 
VFL OC T T Y 

• 28^71 00810 * A- 

g . _ 

*?A«!7i0ftftni1fl030F*nS 


3. . 3720944R030330EF01 

-.32554 05 000000 0E *00 

. 3735 158 3953435E+01 



SEPS NASS 530G, 0030300000 KG 

EXHAUST VELOCITY 20.4180000030 KM/SEC 

ELECTRIC POWER AT -1A. U.~ iA. 42 5000000 0-.-KM-- - 

FLUENCE u. 1000000000 £14 PARTICLES 

THRUSTER FFFT CTCWC Y 1.0030*90003 

RAOIATT-OM -PRESSURE— C*Ff EICITMT aUAMft WW — 


LIST OF G e AvrT A TING BOOTES 

SUN 

E A D TM 

TARGET PLANET IS FAPTH 


INTEGRATION STFP FACTOR t.OBDO 
THE-SHAQOMING LOGIC WILL- NOT- 8E -EXECUTED* 


PEFERENCF THRUST CONTROLS 

THRUST THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 

PHASE- PND TIME-. THROTTLING- AA-s.PITCH Al _.A2— A3 = Y AH OE ! Afc AS 

NUHOEP (RAY) (DEG) (OEG.SEC) (DEG, SEC) IOEGiSEC) THRUSTERS (OEG*SEC) f DEG* SECT 

1 10 . 30033 '< 1.030000 20.000000 . 007170 10 . 000000 - 7.000003 6.000000 0. 000000 63.000000 


THRUST CONTROL PHASING ANGLES (OEG) 

0.003 RO.OOO P.000 


9.000 





PUN DATE 


02/Z2/7S 


G^OSEP INITIALIZATION And SET’iP FOP ERROR ANALYSIS 
**-*-*- .*.•** * f * * v * * «« f ♦ ** *** * »f f « f f * » f f * Jf * * ♦** * * * » *¥ 

SCHEDULED TR A JFC T ORY TT ME C.0?0? DAYS 

.. .ST.«_f-l4-E— TSAjPcrner time — . . q. oojo- QAys 

.. TOTAL- JOS FTE EH LENGTH - DAUQ9 OCTAL---- 

LENGTH OF BLANK COMMON = OOZJrt 

HF ASUB*«c*Y~ANa flBOPA^ATLON-fV«lt ^OlffUJLE - 


***** 


_* 


EYLON -SCO GO. JAYS TO - - 

FROM .S^OIO JAYS TJ 

FROM .53C'0 DAYS TO 

__ — - F ROM — 3 .-0-0 0-34 .OAYS-.TO. - 

FROM 6,0(3000 JAYS TO 


... .5 JVC-0- DAYS IN INCREMENTS OF 

• 5 ,, coo days in increments of 

.530C3 O AYS TN INCREMENTS OF 

— ^,0-XOJO OAYS-IN — I N CREMEN TS O F 

6.00000 DAYS IN INCREMENTS OF 


-..0500 0. DAYS .■=.? COOE-tLO. 1 QQ? 

.05000 OAYS -- CODE NO. 2003 
.05030 OAYS — CODE NO. 3003 

.<3 5 000 DA YS -- ^COOE MO. ZJML0_ 

.05000 OAYS — CODE NO. 4001 


0 EIGENVECTOR Fyc^ 


" TH»UST fvfnts 


1 CUIOANCF-rvpNIR 


EVENT tlMriDAYS) 


GUIDANCE GUIDANCE 

-CUTOFF— TIME IOAYSJ DECAY— TIME. fOAYSJ BQ i ICY Br*p rnnTPOt 


1.000 

— - — 7 .000 


4.030 0.000 1 0 

- T . ooo — o.oflo a a . 


C PREDICTION EVENTS 

FILTERING ALGORITHM TS KALMAN- SC HMTDT 


o 


MEASUREMENT WHITE NOTS^ STANDARD DFVIATIQNS 


DATS ryp c 

2- WAV DO P n LE ° 

-2-HAY RANGE 

3- WAY JO PPL i R 
Y-WAY »AMG r 

-AZIMUTH 
ELEVATION 
STAR-PL A N r T 
PLANET LTHB 
CENTER- FINDING 
CO? LAYER ALTITUDE 
HORIZON SENSOR ANGLE 


STO OF V 
. i 00 ?cC*j 0 E*'U 

.3 0 C330C3E«- Cl 

. I” 33<10C3E*i3 
• 1 Q 30J 3 C 0E* 32 
_ .163QQ3CCEY C4 
•16C33000E*04 
03 jC. 3 1* 03 
0330iJE*.C3 
03D3C0E* 02 
.481300ii3E+00 
.2013 3 Cu 3 £♦ 03 


angle .15 

Angle .15 

.10 


MM/ S PER 1 MIN SAMPLE AT 12.0000 COUNTS/DAY 

METERS 

MH/S <f R£Q 0°IFT I 
METERS 

MICRO-RADIANS . 

MICRO-RADIANS 
MICRO -RAOIA NS 

MICRO -RADIANS— 

KILOMFTEPS 

•CILOMETFPS 

M IC 9-0 -RA QIANS _ _ 


TOLERANCE DN MESHING SCHEOULFD TIME POINTS HtTH THOSE AVAILABLE ON STM FILE 

. __ TOLERANCE ON MESHING- SCHEDULED LLHE-RfllNIS KI TH THOSF AMAIIABIF f»w CTm m c 

FAILURE TO mf$H WTTHTN TOLERANCE IS FATAL 
.CONTROL IS PROPAGATED SIMULTANEOUSLY WTTH KNOWLEDGE 


.200E-02 DAYS 
..Afl 3E » 01 DAYS 



INITIAL TRAJECTORY T T ME 

T I * t. ■ ■ - 


0.0090 PAYS 

. 7.9403 --bays 


- PRI N T -9QNTRPL - -- - - 

acTOoaojoo 


0 0 9 


STATION LOCOTCTN r.PORQT NATES 


RADIUS - — tON&I TUBE LATI TUBE 


l . t>’723Qri9E+94 24T.167 35.160 

- • .6379419637*04. -'- 355 .8 31- — -44.267. 

3 .b-3721 UC9E + D4 14ft, 978 -35.492 

4 .*37 r: b4193F*04 27 .70? -25.735 

...5.. .6374419006*04 1-13.726 -*24.763 

6 .63609u«: ! !F*04 212.4P7 64.624 

7 . 6” 714ft70PF*0 4 277.125 35.017 

A .437254230E*04 -269.334 -32.97 5 

R .f 373556C:E*04 262.622 27.495 

----- - EBUI V AL r NT STATION LOCATION ERRORS IONE-STGMAI - - -- 


AtITTUOF 

-6.163 

— -6. 144- 

-6.062 

-2.522 

- -3.754- 

-17.195 

-6.176 

-5.621 

-4.607 


at T I Tune- ac.nnacco 

lOMGTTUBE 35.000000 
L A T T TUO r 35.010000 

L nur-TTUBF - COODfL A T T ON 


-NE-TERS - - 

METERS 

IE 05 

.90 0090.- - 


— f MRilS-T noise process one- -is thruster bepenoent - - - - — - - - 

SECOND PROCESS TS 1 WHERE 1= THRUSTER INOEP, 2=0EPEN0ANT 

OYNANtt-MOTSF P ARAN? TENS 

PROCESS STD DFtf CORRELATION T THE 

HAGNTTUT 7 1 .T504f?OF*01 PER CENT .400900E*01 OAYS 

PTTCH .UP OBOE - 01 RADIANS , .n0900E*"l DAYS 

VAN - - .1090 0OF-A1- RAM ANS--, .-10aOflOE*9t -OATS 


RAC NT TUBE 2 -1300 Tm&*-02 . PER— CENT «-23fl0Q0E -» 0-l OATS 

PTTCH , 1 43 9 0 DE-OS RADIANS . .200900E-01 DAYS 

YAH . 1 30 0 00E- 0 1 RADIANS , . 20 0 00 0F-01 OAYS 


STD OEV IN THRUST ON TIMR = 


0.04 SEC 



o.onoo DAYS 


A PRIOOI <CVOHL c OG£ JNC'RTAINry AT TRAJECTORY TIME 


-BSS ROST trow = 0 55 A£* 0 3--KM 

RS3 VELOCITY = . 17320509S+0 0 M/S 


STATE ipflRB'T r T CB S 


ST ANHARO OEVIATI^NS AN" CORRELATION COEFFICIENTS 

S TO DEV 1 Y Z VX V.V VZ 


X 



VX 

VY 

V7- 


•13C000Q3E+3O 1. 99301 190 

.1 9 0999 9 OF* 90 0.003009:09 1.031000119 

.1 30333 B3E*30 0.093000 00 P.QBC00CQ0 1.30003300 

.lflP310"3E-33 D.993B09O9 0. 30003930 0. 00303000 1.00000000 

.l9C?J909E-"’3 0 . 003C 0033 0.00000330 3 ,00000000 0. 00390000 1. 00000000 

.10 Cca-C3 3Ef.il 0.0 03-00 9 39 O..J)OaOOimO 0.000110009 0.00000000 0 .00 3 80000 




ACCPRO 


0. O100C090 

0.00003 03 0 

Q.QOO09QOD 

0. 00000000 

0. 00000900 

0.00000000 

PITCH 


0.03303090 

3. 0 GOB 3030 

0.00009030 

0.09030000 

0.00000000 

0.00000000 

- YAH — — 


n.-maojiio — 

- 0.00003030 — 

— (UQtunmoo 

n* opn^nncn 

3. cocotmoo — 

0.00000003- 


vD 

N3 


SOLVE -FOR ° AR A M ETFRS 


STANnARO DEVIATIONS AND CORRELATION COEFFICIENTS 

STP DEV ACCPRi) PITCH YAH 

ACCPRO- .220D33CDE-J1 .1.30300030 — 

PITCH . J5C9303OE- J1 9.09100390 1.J3003000 

YAM .TSO^OaiOF-H 0.00903030 0.90009009 1.00009000 


INITIAL S/C NASS ERROR 0.1009 KG 



GODS 17 ? ANALYSIS EVENT P p INTOUT 

l lf.ftll » « *J».* * • * ** ILIII * # * 1IJ IVJJJ » 


RUN DATE 02*22/75 

MfUlUUJUUflUtlJ 




SChE due c 0 
STM CRT 


tpajectpry timf i.oooo days 

T3AJFGT0RY TT«r '1 .OJO 0 0»YS 


- — outdance 



JULIAN HATE 

2444121. 90 090 00* 

CONTPOL 

PHASE 


1 

PRIMARY BODY 

EARTH 

DAYS 

FPOM LAUNCH-- 

1. 0000909? 

PRESENT 

MASS 

( KG) -- 

4997.119729523 

FLUX 1 El 4) — 

0 .000000 

DAYS 

FROM CUTOFF: — 

— 6.00 COCOCS - 

PRESENT- 

PRESENT 

.PJJCli 

YAH 

IOE&) — 
( DEG) -- 

27.639469526-- 

323.153003717 

-FLUX RAT-E— IE16/SECI -- 

AVAILABLE P0M5R 1 KHI — 

9. 

14.425000 


=**«=* FCilPTTC ------ 

body pel a t tve <vc state 1 ; 
sun postticw 

■ VELOCITY 

EARTH =osittpn 

VELOCITY 


* 

-,14«oift‘*13'.TTi5F*'i9 

.41776?45i95374fc*01 

,698S8292623179E*94 

.360935484992714*01 


Y Z MAGNITUDE 

-.5334621605?414F*0? *268897330830745*04 . 149092P0777209E+09 

*. 289814209320 43E* 02 - •— 7944618AC5&Z1 1E-Ulr • 29241079514973£*02 

n 

27812 74222456 7E*05 . 248097333 0 30 74F* 04 . 2«765193280174E*05 

. .. A 9745450 68 30 195 *00 - - ---.■-.79446 1 8 10 5 6 2 11£«4U >47201 04665 222PE*01 


S/C ACCELERATIONS 
.. PRIMARY -nOBY- 
PERTUO0TNG 999I r S 
THRUST 

— J2- »-..8A0* P9E SSWP7 


X 

-* 1-16797461. 127-7-15*33- 
.44jl5Q48495i)14E-T9 
. 169 247850753 :>9 5-06 
A. - 


Y Z MAGNITUDE 

.46480 7 131 847-74X^-03- *.-6i59S7-241?2Q «9£*44— — . 481058 7 5443 65 2£- 03 

. 113924?7033969E-Oe -. 9966943250 7436E- 10 .122537356851745-0* 

.667406101516825-07 -. 7448467332 88535-07 . 195251470 11832E-C6 


-£f «G44V5-S/C -**aSS STANDARD HFy I A I T ONF. UGl 
CONTROL* .3019 KN JWL E DGE= 188.4910 


TPANSPOSF np STaTE TRANSITION MATRIX PARTITIONS OVt R TIME INTERVAL 


.5000 OAVS TO 1.9000 OAYS 


0 


STBTF 




X 

Y 

l 

vx 

VY 

. vz 

— X - -■ 

r 

Z 

vx 

VY 

V7 

135531S22E+C2 
. n6698K80E*02 
-,96 >;s594 , 33f*TC 

-.PCB 7114*05*35 

-»ll?52287C r *06 

.10A r 100J55r*'>5 

1986161535*01 
. 49131614 6E *01 
-.20*247)915*33 
2B9431650E*6S 
3523 c 3629£* 95 
. 273977 956E* Q4 

. 3536 8915 0E*l) 0 
-. 23766(43525*00 
. 80 85 991885* fl 0 
. 185162311E*04 
• 27042 37 ICE* 04 
50 5263443F*04 

.4 744 32 743E-03 

-.2394120175-03 
. 2128659075-04 
,374441974E*at - 
•33G9l22635*Ql 
-.2936372265*00 

-.17033C544F-02 

.1268513705-02 

-.195868660E-03 

*.110276564E*02 

-.128922 3 74 5*12 

. 1216230 90E* 01 

. 151584332E-03 
- .1059024305-03 
. 90 2698 0 74E-04 
.9811 319995*00 
• 121 8 18291E + 01 
.669763236£*00 


II *1 I ! 


• 5 2660 323 5 01 Ot * 03 

.152756 71 3412E03 
-. 36514 nZ939< : 'E*02 
-.169174 10 49 r '5E-jl 
.615P0Q135484E- 01 
-.1769731. 4PlfeTt-0? 


. 1527 56 7134125*03 
.4432580988775*02 
. 1 0^9 33153 7485*3 2 
. 49C53M92904E-32 
. 17844510«.674E-01 
.^13254137-8*5-07 


3651410 2939 bE* 02 
-.1Q5913153748£*02 
•2617089199315*01 
. 11717751230 1E-0 2 
-.4266249268255-02 
.108995284671E-03 


-.169174384905E-01 
-.4905351929845-02 
.U7177512001E-0Z 
.565 24 18 799315-06 
-. 196829 063878E-05 
■ 477 25 37459 365- Q 7 


.615200 135484E-01 
, 178445 1046 34E-01 
-.4266249268255-02 
196829063B7BE-05 
.719057459663E-05 
-. 2102746459065-06 


-.1769734421635-02 
51325 4337489E -03 
• 1Q8995284671E-03 
» 477253745Q36E-07 
-.210Z74645906E-06 
.12542975677*5-07 



CONTROL PHASE CHANCE **«* 


-JUUAHOAIf - 

OATS FP1H LAUNCM- 
OATS ERDH CUT OFF - 


THRUST PHASE 

OURATIQU 

tPAYSI 

13,00^1330 


2944329. COMOJCO 
1 . 00 l^OOin 


THRUST "» H A S F 
THROTTLING - 

i . c a 0 1 i <i o 


TMRJST PHASE 
AO = ..PITCH. 
<OFG> 

20. I)* AO 300 


CONTROL .PHASE 

P9ESFNT MASS 

( KG1 — 

9938. 97891 80 93 

PRESENT PITCH 

(PEG) -- 

3 39. 8 7 75 3 t *422 

PRESENT YAH 

IOEG) — 

293. 051933878 

THRUST PHASE 

THRUST 

PHASE THRUST PHASE 

— AL 

A2 

fll - yah 


--PRIMARY BOO* 

FLUX IE19J-- 
FLUX RATE ( E 14/SEC) -- 
AVAILABLE POKER <KH)-- 


EARTH- 


o . oo oooaoaoo 

i), 

14.925QQOOOOC . 


IDEG.SECl 

.0071709 


NUMBER 

- OF 


THRUST PHASE 
A4 


(OEG.SEC) 

n, uoooooo 


«OEG.SEC> 

-7.0000000 


THRUSTERS 

6.0030 


I DEG, SECT 
0.9000000 


THRUST PHASE 

AS 

IDEG.SECl 

63.0000000 


-=====- FCLIRTTC ======= 

BOOT RELATIVE S/C STAIRS 

SUN — POSITION 

VELOCITY 


X 

.-.lLA6TQ3213ia7Jfe^09 

. 983279301041 52L»01 


a 33 j 221 L 133 <»ZaEf. 0 A 
■262916 703i7060E*02 


_=^a6H2S97S 03 9 010 EUU. 
333930 79969394E*00 


HAGNTTUOt 

.14919 76569 422SEtQ9- 
2631211976011 9E *02 


EARTH POSITION 
VELOCITY 

S/C ACCEL ERA T. I Q)tS . 
PRIHARY ROPY 
PERT UR RING HOOTSS 

THRUST . 

JZ * RAO. PRESSu»f 


.27920 71A079210£t05 ... . .. 89397?J2777738E*04 

-.112813 92556 55 6L*01 .34924 7 1036220 7E»0 1 

-.■♦A11U7131 2 3149E-33 141 2 359943 70 5 JE- 03 

.2298T953243715E-08 589 16 7 388 94405E-1 0 

. . 26L03aza76L66aE-r 07 *.722779 55435341E-0 7 

0 . n 


•-♦460 299 25 03 90 lOLtfl-l ,_2 9 32961 14 102 85 E» OS 

-. 3339307996939LF»00 . 36952864583537E + 01 

1 MAGNITUDE ■ 

. 13591489Q6Q6S9E-04 . 46336561662282E-03 

* 343775846 76274E-10 . 22 993 9427 2 799 0E- 08 

-.1808S442fll2989E^fl£ .1965914flTZ.97S5E.-afi 

0. «. 


S/C-N-AS.S .4 997 1?F*£L 1 HPIJST= .196 25 IE - 0 ft AT. TIME-— 1.0QDQ. 


S/C MASS= . 4 98*4 fl r * 04 


THPUST= .196F91E-06 AT TTM r 4.0000 



\Q 

4> 


.♦*.** 


...CONTROL -P-HASE -CHANGE 




JULIAN DATE -- 2 444327 . 0 3 0 30 C 0 0 
-OAYS-FaOii LAUNCH-- . 7. £032300 0 
DAYS FROH CUTOFF-- .23130000 


CONTROL PHASE 
PRESENT MASS (KG) — 
PRESENT PITCH (DEG) -- 
PRESENT YAM IOEGI — 


1 

4979.8 381 06662„.. 
27.618844466 
323.043480445 


PRIMARY BODY 

FLUX L£!_41 -- 

FLUX RATE (E14/SECI-- 
AVAILARLF POWER ( KW) -- 


EARTH 


. fl.flOOflflflftflflfl- 
0. 

14.4250000000 


THRUST PHASE 
DURATION 
(DAYS) 
10 . 000000 '’ 


TH°UST '’H BSE 
THROTTLING 

1. 0 0 0 J 3 0 0 


THRUST PH ASS 
AO = PITCH 
. (DEG! ... 
20.0003300 


THRUST PHASE 
ni 

lOEG.SEC) 

.0071700 


THRUST PHOSE 
A 2 

(DEG, SEC) 

10.0000000 


THRUST PHASE NUM8ER 
A3 = YAH OF 

I DEG, SEC) THRUSTERS 

-7. 0000000 6.0000 


THRUST PHASE 
A4 

I PEG. SEP).. 

0.0000000 


THRUST PHASE 
A5 

.-(DEG, SECI 

63.0000000 


. = £ CLIP- TIC == =====_ 

floor RELATIVE S/O STATFS 
SUN POSITION 

VELOCITY 


X 

-. 1 4 78 9730 9760 ttLt-t-Ofl 
. . 443084 j 7653283Et 0 Q„. 


y i 

-.206845>«4747590F*oo -.26598971 07 4795 t»04 

-»27863S96241Q29E)Q2_ -.176 8317889 775 9^ Oil 


MAGNITUDE 

.1493367491 04 l 1E»09 
j2 786 76749.97468 £*J1 2. 


EARTH POSITION 
VELOCITY 

S/C ACCELERATION^ 

- PRIHARY- BODY 
PERTURBING BOOTES 
THRUST 

12 Jl AO DR E SSUP E 


.14 35 900 59 039 60 E+P5 
......323166478 7.3854 Ltd 


• 2bU 5 9290 710648E+O5 -.26598971 C 74795 E* 04 

,.174615330 055&1£.» 01 ^.i-768.31 7 A8Q7TShC»n Q 


• 29872106317519 E +05 

♦a mlfiimimaEtju 


X 

- -.21971593124397E-03 . 

.153869S1439121E-08 
-.91561299 99 18 lb E-07 


Y 

389679 04 3 J303HE-PJ. 
-.’9285759875992^-09 
. 12798 699 0 66689E-06 

3, 


z MAGNITUDE 

.39779 40 7AZ3 B32E- C 9 .4466 8895781 l-XAF-m 

.10 599285376889E- 09 . 1 71191 54677410E-88 

1 18398863393396-06 . 196932 52516 868E-06 


fl, 


UNWEIGHTED SENSITIVITY MATRIX <CUTOFF WRT CD NT ROUS t 


• 2 140 F7?9 * *5 ftf ♦ 04 . 9559? 9° 1 YR59E ♦ 3 3 -• 651 1 547 M447E*0 2 0. 

-.62235519 703^E* 04 -. 251 3 H4 35236E*04 - . 6490 172563 32E* 03 0. 

— ^64493 318J3T*E*T3- - ,25fll?7244612E*a* -,600893239289**0? 0-. — - 

,76l3lT499 7? 2E*lQ . 3 j6 7C435Z023E *0 0 . 783989672687E-0 1 .264838287647E-C7 

,255257 97 2297£*J0 . 976 2958 f 1 734E-0 1 . 6261 71405488E-0 1 , 722779554353E-G 7 

15??89€ -01 9165^0 2-27 81 5E-02 _ --,743660914300£-’0 2 ,,180096428 1 3 0 E - 06 

KNOWLEDGE CUV A° 1 ANTE AT HANFU VFR EXECUTION TIME 1.0030 DATS 

JUSSO- ON HE 4 SURE WEN IS -UP- TO -— 1.3030. OATS — 


£> tn?. 

CS p 

_fci 


RSS POSITION = , . 29978797t*02 KN 

CSS VELOCITY , 3460n637E*ni H/S- 


STATE RARAlCTERS 


STANDARD DEVIATIONS A M 0 CORRELATION COEFFICIENTS 

— STO-OtV. — X 


V 1- 


VX- 


-MX- 


-HJL 


_X — ,?8 22*53 5E> 02 1 . 

Y .A1732C69E01 

2 .23521331E*'il 

VX — .9392394 it- *3 

VV .3T146L28E-D 2 

VZ .1862i»2"9E-33 


0-0300000 ■■■• _____ 

9966^229 1 . 0 0700 03 0 

73464750 -.72272473 1.00003000 

98348145 .-.97-X4027-6 .74 7 74923 -4,00 09° 60 8- — 

99940925 .99489537 -.72737697 -.98234636 1.00000000 

68183517 -.67926977 .17310568 .63305197 -.69960900 


1. 00000000 


: ACGPRO 

PITCH 

YAW 


. -,310139.12 -.35403263 .4S81282-7— .-27466248 - - ,3162114 9 .4 7 3 9 1863. 

,07387739 .04565081 .08874354 -.09239909 .07587769 -.09624859 

-.02831659 -.08479346 .09306799 -.04928325 -.01145271 -.03464840 


SOLVE-FOR PAP49ETFRS 


STANDARD DEVIATIONS AND CORRELATION COEFFICIENTS 

... STD nry . --ACCRRO PITCH YAM 

6CCPP0 ,14C6389?E-.M 1 . 0 00 P n 1 0 0 

PITCH ..3386486 4t-.il „3!5969&35 1*30000000 - — 

YAW .309368R2F-31 .57342560 -.11129551 1.00000000 

._ -CONTROL COVAR I ANCF AT HANEMVER EXECUTION T-T-HE - l,30O8-«4VS — 

RSS POSITION = .564151416 +0? K* 

RSS -VFLCCITT =. . 7644 1341F *01 WS-- - - — 



STATE 


APME T r °F 


STANDAPD 0FVTATI09S A*0 CO^PF L ATT ON CDFfFXr I* NTS 



.. STf) V ■ - 

X . . 

Y 

— 

...... VX. - 

. ... VT. 

If 7 

X 

Y 

z 

vx 

VY 

vz 

,.62323] ’’PEO? 
.19P387°1E>:2 
.38T96613E*' I 1 
.17 664 3? IF- 1 2 
-741579B8E-32 
.5a38<U"M--t3 

1.30100339 

.99583187 
-.90159491 
-.99146819 
. 99932867 
9428c982 

1 . oioaooji 
-.90nJ634 
-.97772304 
.9972 7 035 
-.95224687 

1.00083000 

.89312707 

-.90231445 

.777602*4 

1. 00300000 
98818317 
.90637365 

1.30000000 

-.94692089 

1. 00000900. 

.. -ACCPfln 


— -.22604764- 

^.29ai9S0a— 

2619-4386 




PTTCH 

YAM 

’ ' 

. 181S7S76 

-.24714889 ■ 

.77744??* 


. 12087499 
-.11 792647 

. 12382398 
-.10118791 

-.04813551 

.09221746 

-.11702456 

.09788680 

* 12556416 
-.09537952 

-.13097451 

.08110845 

SOLVE 

-FOR PARA-fFTTRS 







STANDARD f’EVIATIOMS 8 NO COMPILATION 

COEFFiriENTS 






- - - 

...SID OFV .... 

ACCPPO 

- . ..PITCH 

TAM _ . 




ACCPPO 

BJTCM 

YAM 

.72C03 ? <* OF-] i 
...i5caa3aai..a.j_ 

1. ''3100000 

— o ..soo-oco ao_ i.Tnmaaoao 





.35C11300L-U 

r . oijvoon 

3. 30000031 

l. oorooaoo 



- .. 

- TARGET. --W«T. RURM ...START- STATE ... - 


— 

- - - 




PC 
to to 

to Q 
O to 
O to ■ 

to £ 
_ to 

<8 


VJD 

ON 


_ V-MAJ— — . 


-. 19U326F66C54- * 11 .12798706911 2E»32 - . 112 1 735 59365F* 0 1 

.25J312M.3A36F* 11-.. _-.. 8436 533711626*01 . 64583561005 3E» 30 

-. 257 p i31 7 36478F*70 . 811612910i)i*4£»O) -. 75 8 6 33472677 p * 00 

— J-ABCF-T WRF-_ COMiet 


.106682781560P+06 4238 15 12551QE*Q5 . 3711 612B4864E704 

. Z49458 91340 3£* 05 .U-39Q.3 2791 SSFtft S a^ai2&Z 5 &fl £ lS3£ia3 

.7610308S3849E*04 132421287997E*Q6 . 56010 5215569E+04 


SMAt- 


1.5704 3579414F +04 

-.l435JJ6.CC434.iE* 34 

-.3269748694?3c»03 

— -..cowrem. weights 

AC?o°1 .lnrtitll 
°ITCH .iOC3F*31 

mu- *ioj:e* 31- 

rnTOFF .io*oe*ii 


1 <*548291 8575E *04 - . 1 156 244 1243 5F* 04 . 178 124737714F- 02 

2j* 8J 2383730 l£*0-3 . 318694603 937£*D3 ^353887121 

25’494381S7aF-H2 -.41 91 13 347 18 1C*0 2 591 918 1 23381E- 03 


- — - TARGET WFir.ttrs 

X .1100L01 

Y .mrc^Oi 

2- ... . 13 3 0£*3J 



UNWEIGHTED GUIDANCE NATPIX (CONTpqlS HKT TARGETS) 


-.1 81966157063 C -Q3 59439Q44C673F-03 . 300 8453 B3795E-0 2 

.10332519*5: >7tr -’'2 . 16715 360 4566F-1 2 -» 6966639641 32E-3 2 

- - *37442722i467F-0 3 . 5791 6>5l53flU9E-HZ sr.2367696i 8341E-Q2 

.3150Z923776U^»r*2 . 21602"731 741E *03 . 49? 3"9645723F*9 3 


-OMCOMSUULINEn-XOy TEol - CQ 29 £CJ 4 iWS— 


STANOARO OBVIATIONS AMO CO°RFL ATI ON COEFF ICTENTS 

9m nry ACCPPO PITCH Y AM 

ACCP°0 . 19693*8 7E-11 1.05381031 

PITCH ,4 3R74615 c -jl -.9lt3A57''9 1. 031103 030 

YAW , 4 4 9 T6456e- -i-l .-97887053 — .99955288 . — 4-.-M0 90444— 

CUT9FP . 1459376 7£ + 3 4 -. 60297798 .62738890 .61532918 


ACCPRO, STG«A= .19693E-01, MAX ALLOWED .50000c*Dl 
PITCH, 5IGHA= .43tt75f?-01, "AX AU9HfO= .87266E*00 

*A* t $ir,MA^-.~*l48O6£«0i»-MAX -ALLOWFC^ — ,87266£*00 

CUTOFF, SIDMA-: , t 859 3E* 04 , MAX ALLOWED* .432C0E*07 

~ RFSI9 — MPCf'f- coops. _ 


SJANOAfl© 4FVIATI0N5 AMO. CORRELATION -COEFF ICJF HI S - 

STO 0 r V X Y Z 


X .11 7413 C ^E-11 1.10500510 

Y .t 245772 9E -15 .66137223 1.00030000 

7- , 11685<*94F-1I — .89739446 .95244820- -1.00004000— 

UNWEIGHTED GU TD a NC r MATRIX (CONTROLS HPT TARGETS) 


-.1819flfal5706JE-a3 - . 594 39u 64Q6 7 iE-0 J . 30 0 6 453 83 795 P-0 2 

.1 C032^«9a6?7 c ' 52 . 167 15 3614 566E -1 2 6966639m,i32F_tJ2 

.-3 7842 7 ?? 1 46 7f — T J * 529145163 8486-43 -* 2367696 1844-1E- « 

.3 1 RQ2920 7764F* 12 . 2 160 287 31 74 It + 0 3 . 492 389b45 723E*03 

- FINAL- CONTROL CORRECT j PNS INCLUDING CONSTRAINTS- 


STANDARD DEVIATIONS AND GDRREL AT TDN COEFFICIENTS 


STD 9FV ACCPFO PITCH YAH 

ACC PRO . 1 96934 0 7R-2 1 1 , 1 m 0 <71 1 1 

PITCH .4 3" 7460 5E -0 1 -. 98385719 1.03003000 

TAM . 1 4 "0 646 6*.*0 1- -.97407053 .99955244 1.00004000 

CUTOFF .1859335?£> )4 -.68292798 ,62738890 ,61532916 


CONTROL STANDARD DEVIATIONS AND MAXIHUM.4ALUFS 

ACCP^D 1.96935 50.00 PER C C NT 

PITCH 2.51383 . 50.00 OFGREES 

YAH .84835 60.00 OEG®EFS 

rUTDFR .02152 51.00 DAYS 
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MASS STANDARD OBVIATION FOR SUTnANCE= 
6AMMA Nftrojy 


■* 66076J6359 62E* 01 . 167ir4416052e*C2 

•.4225755720«5E*01 369 221240 Y49E+02 

-.24 9260802 178E* 01 - .iPkisig?! «q)iF*pg 

. 1769660J4ia4E*07 . 267769496548E+07 

STATE ERROR AFtcp q<ji?n 

CONTROL COVA ° I A*'CF AT MANEUVER FX ECUTT ON T IMF 1* 0 JO 0 OAYS 

STANDARD DEVIATIONS AND CORRELATION COEFFICIENTS 

STO X Y 7 VX Vt VZ 


,lB9295735938t.- 32 
,3993284&1929E-!?2 
>1 3276785 P 967F - 32 
.T55525101?5ji.*03 


.5307039E3737E*02 
,68L6Q5l"619Ue-D2 
> 206294664513E-0 2 
• 112462464659E *04 


i 21*62225 1645 3 t-0 2 
.524825481279E-32 
.17S5G8R06429E.-Q2 
.2693 29 18656 IE *03 


-*6802762 386 BSE *02 
. 712625 868796E + 02 
— *21905-26437 7. 3£* 02 
•9082409 51 46 4E*07 


X .28 274f'5E*32 l.?030'’0ao 

T .61737*5 9£*'M .99665220 1*30300000 

Z .2 352 1 -331E*-1 1 -.-73466750 .*7 22-7-2673 - i.&8C03000- 

VX .9792396 IE- 3 3 -.98346145 -. 973<*0276 *71776923 1. 00300000 

VY .3T34M2*£-32 .99960925 .99689537 -.72737697 -.98236636 1.00000000 

V7 ^186^3? 0 96-53 — -.6618351 7 : -.6 7 926977 .1 7 -310566 .63365197 . ,69 9 60 9 00 


i , m mj m g 


TAan£i...£R!>xia BEFORF_nLu?« 


-S- T AM DAPP nF VIATTDNS -ANn _coaR£t AJ-ian -COEFf r r TC MT S 


STD " fv X 

X ,2)U26»2CE*?‘ j 1. 10300 3C0 

Y .18C164U6E* 32 -.30651377 

2 .6'06l9268£*ul ——.68166626. 

TARGET CRROR AFTER R'JRN 


Y 


7 


1.00000000 

±1*87 6 62 3 6S - l^nnnQjQo o 


STANDAPO DEVIATTDNS ANH CODRFLATION COEFFICTENTS 


STO DFV 


Y 


2 


X- .2-03152951*3 2 . 

Y .159328?»£*32 

Z • J48M 36 ?£♦ 3 1 


-in. 0-0385008 

-.95122209 1.00"0i>00a 

.74991074 -.83769266 t. 00000000 



• • < 


PUN OATE 02/22/75 


SCH^HUL EO !ir«SU'>PK«'NT P»INTnur 


! UJ « f » HI II I » 


SCHEDULED TRAJECTORY TIMF 6.0C30 DAYS 

£T* PILE - iPAJFCrooy ..TT-H6-- • - -&.-600 " 0»YS 


MEASUREMENT-COPE--*- 4001 - - - - 

1 sTao-pLANITAnGLES 

NEASURFHfuT. HTTM-SJ AP9 1 - -- - - . . — _ ... , _ . 

STA°-PLANFT AMGL C = 17. JM OEGS, MEASURED FROM STAP1 


S/C GFOCfNTRIC COORDINATES 

LATITUDE - 2. 7 14 65 DECS LONGITUOE= 176.09912 OEGS ALTITUDE * 


23587.065 KM 


JULIAN OB T r -- 2444325. OCO''''TOO 

DATS FRO* L A'lN^N - - 6 . Cl 0 ^ Q C 5 0 

CATS FROM CUTOFF-- 1 . 03 OCT 0 an .. 


CONTROL PHASE — 1 

PRESENT NASS IKGI-- <*532.718377141? 
PRESENT -P-IICH- 4QEGI *• 27.618844446 — 

PRESENT YAH I DEG) — 323.1434 8 0445 


PRIMARY BODY -- EARTH 

FLUX IE14I-- 0.0000030000 

FUJX JWTE -.<E44rS£C4t’> 0. - 

AVAILABLE POWER 1KMJ-- 14.4250000000 


BODY REL A TTvF S/C STATES X Y " ~Z ~ ’ MAGNITUDE 

SUN POSITION 148233954440J1F* 09 1 81 453 51 ^ZuTe&E* 48 -.376623226052166*03 . 14934041*120 71E+0 9 

. VELOCITY - - - ,?65172«T44T072£*ai -.33295081 5845466 *62 . 3609 198932*44 7 E* OQ ^33402 4607-492166^63. 

EARTH P DSTT TON 2 9379984? A?496E* J5 . 38776554230695 E+ 04 3 7662 32260 5216E* C 3 .296370653948375*05 

VELOCITY - -.483198 RJ 38 99 76F*30 . 36184282720097E* 04 ~ . 36491989334447£*fl.O. — — .366$3 4 66«64fl.24£*-0J r - 


S/C ACCELERATIONS 
PR INAPT »OOY 
PERTURBING BODTES 
THRUST 

— J2--*- JtAQ-r-'.PPE SSDRF 


* T l MAGNITUDE 

.4498 6 3652 6 21396-.* 3 - sqj/L 510 377793E--JL4 .5 764864330 7 55 2F-&S- . 453601602 99569€^03- 

2234176532527lt- 08 5 7146639 3 671 58E- 09 . 150B6756556614F-10 . 230615 3466562 2E-08 

-.67704^23245118 r-gz -. 886 34574 1 05741 E-07 . 162165448B5566E-06 .196618687922526-06 

5 . - -C. 0 . . _ o*. _____ 


VC 

VO 


TRANSPOSE OF STAir TRANSITION MATRIX PARTITIONS OVER TIME 


INTERVAL 


3.00011 OAYS TO 6.0000 DAYS 


STATE 



X 

Y 

2 

X 

-. 252398 15CF* n 

-. 331113 27 6f*Q2 

.29764T904E*01 

— JE -~ 

.830089730t»01 

- . 75o93364fl£*a2 

-. 7255701 93E*0 L 

z 

-. 79756? 488E* "Q 

7211 1356 3£ *01 

.1196831035*01 

vx 

-.661 i , 9916E* 35 

618966770E*04 

.5961393395*05 

VY 

-.3»i}859*>7tte*35 

-. T3»111572E*a6 

• • . 2 364667 11E*05 

vz 

• 3D 7 *1 36 87E * 04 

.2393670486*05 

. 45961 90 67E*04 


vx 


VY 


V z 


.368244733E-02 -. 711591 382F-03 . 687205758E-04 

-* 9369451 19E-0-2— . 1469928 36E- 02 - ..._»..-lS09921 95E- 03 

•908114943E-03 1538218 19E- 03 - . 940 293* 2 QE- 04 

. 77 85 0248 IE* 02 - . i 240 7 1 468E ♦ 02 .1189118256*01 

.2953311 666*02 <- - .39 1793 134E* Oi „416628335E*00 

-.2880141116*01 . 43489 750 9E *00 . 440 572471E*0fl 


O 


111 I t T 


- .1233494577806*06 
. 118865 18 9Q17E + 05 

-.109398 67 ]276 r *8<, 

-. 14965911 2 « c 1 c. ♦ Jl 
• 2 43 10 T2I68L9F *33 
19803144696 OE-01 


> 118-86.5 18 90376* 35 — 
i 1145 *3563 38 7£* 06 
, 1054433d?478t*05 
.1442737833456*02 
, 2344 000797916*01 
190 8 87680 332 E*0 0 


_-.10 939667a276E*D6_ 
-.1054483824786*05 
•970866715943E*03 
•132 7 6877332 3E+01 
2156980435236*00 
•175969118261E-Q1 


.1 496591 12 8 5 IE* Ol 
i 1 44 2707 83 04 5E *02 
,132768773323£*01 
.18165Z557637C-02 
.2951040 1774 3E- 03 
.23990 2016441E-04 


, 2344000707916*01 
, 21569804 3523E* 00 
. 2951040177 43E- 03 
.4800181072466-04 
i 3963 06 07 191 3E- 05 


■^-19803 144696Q.E-. 0-1 

-.1908 876803326*00 
.175969118241E-01 
. 2399020 16441E-04 
-« 39630 607 191 3E -05 
. 44306 0 17 0974 E- 06 



KM0MI .En 4^-X0UAglAWC4.-nef-0g6.--TH£ ->lfcA5UR4MtNX--ftJ. 6.0 3300 DAYS-- 

RSS POSTTjriN = .c.-»673717E + 3 3 KN 

CSS -VELOCt TY .. 55241 651E»3 ?.~H/S • 


STATE 

PARftMT ftps 







STANOARO DEVIATIONS A‘>n [~.0RR r L A TI ON 

COE FF I r jf kit s 








STD DEV 

- X 

- r 

j 

VX 

-VY 

V7 

X 

,US7UZ«Lr£*U 

i.gcas:c3i 






Y 

. A t V ' ' 0 fc 1 * J 1 

, i* **,>.'} n 

1. 00330003 





7 

Jf t J’ 

-.08161SP6 

-.s“"775:a 

1. *9? 0 TOCO 




VX 

.5669823Jt-:U. - _ 

r..aa57iai»a 

...a-* 99995245- 

. 99066611 ..... 

1. J00D0 000-- - 



vr 

.915529F8E-T2 

. 96<*2.i**?7 

,99541163 

-.99426251 

-.99478837 

1. 00000000 


V7 

.8211763^-13 

B5T97598 

-.84502034 

.8447100? 

.06655838 

-.63889353 

1.00003000 

ACCORD 

PITCH 


- .26606538 — 
, T7429267 

.37052346 

. 37488683 

-.39688964 

36432283 

- tt*)! n.iqi 

1 47QYL74 


- .40160235 

-.37153613 

. Y52270 89 

-.30718027 

YAW 


. DTI 61769 

.19782294 

-.20436603 

-.19111902 

. 28306950 

-,"9894922 

SOLVE- 

FOR R AR A ■1ET C RS 







STANDARD DEVIATIONS AND CORRELATION 

COEFFICIENTS 





* 


- sin- n?v 

.lT49574iF-;i 


ojjqu 

VAU 




ACCORD 

1. 00000330 






PITCH 

YAH 

.33739H.T5E-31 

.3fl69SAS’£-Jl 

- -.304359-14-— 
.57162513 

i* o n nf ]0 004 





-.11823475 

1.00000000 





OBSERVATION- MATRIX 


X .4T6135 , >29fc-05 

Y . 32165H07E-06 

- Z ^.92iXS666S£^-0S 

VX . 0. 

vr 

V7 2. . 


ACOPCO- 0. 

pitch o. 

YAM 0. 


ME AS NOISE 

.13b34910CJSSE- ,, 6 


100 


H*P*MT ♦ “ 


.2116774517595-03 
RAIN MAT Pi Y 


.7Ot.040221E*34 

Y 

. 79663 4 '913fc*35 

1 

2 A 1 74®: 47 1£ f 74 

— - VX 

• - -.374 385 1 53c* ^1 — - 

VY 

. 619?1 6452E ♦ 90 

V7 

-.476944423E-11 


ACCPPO 


.J4X1316KC)F.)r 

Pt-TCH 

— 

.87C R943 66E *30 

raw 


♦41399/9?7F*:0 


KNOHL EOGE COvaqiUNCF AFTER THE MFASU°E MFN f AT 


6.03000 OATS 


»ss position = .136S096/E492 km . 

PSS V EE 9 r T TY 3 . 17R52464E + ') 1 M/S 


- jwmtc..-- .. . paRa^FTtO^ 


SFAHOARC 9E VTAT TONS ANG CIRRf L ATI-OH-COFFF I C IFNT £ — - 

5TH "CV X Y 2 VK VY VZ 


X ./65~8Z32E* , U uoaioctn" 

V .—-.1 13«C0*ZE*3-2 - .063345/1 1 . 0 1"00 0-00 1 

7 . ’ , 246?339E*U .15466459 -.4345751R 1.00031000 

VX .14 63 740 4F-1? 11590 4 97 -.93235575 • 228 19367 1. 0900009(1 

VY - -.9149101 1£ -13 »* 06663464 .3308*955 - -.15878198 «j. 09810370 1.08800030 

V 7 . 4391 19 4 3E-J3 - » 23 30t R95 -.07061 771 .03307146 -. 01030092 .03324453 1.00090000 


ACCP o 0 

-.60331491 

.0 3551466 

-.54195127 

. 21342663 

.44947254 

.21056551 

PTTCH . 

. 02302246 

-.02241876. 

- r.. 524 4 3598 - 

.15482943 

-.?7794?39 

. fl?Q4qn?ri 

YAH 

-.93348949 

. C 8360 054 

-.16462179 

. 17426475 

. 89093404 

.12681610 


SOlVr-F<l* PARA.MFiros - . 


STamoapo qf via t ions ano correlation coefficients-- - 

SIP hfv accppo pitch yah 


ACCPRO . 12 53 q 0 3 4E- J 1 1. 000 300 0 0 

PITCH .J1279307E-U .19217626 1.00900090 

yah .301C1749E-.U .5479X374 2 10992J5 1.0J08JJ800 



GfiriSEP ANALYSIS 

-»•* ft-* * * * ft ft *. *J[ * f. M» ft ft ft * ft.* * * 


M -' rFNT DD IH Tn UT RUN DATE B2/22/75 

* * * * *-* ft.* * * * f_ft.ft.ft *.****.*• *-ft-ft ftft *£ ftftft ft ft ft ft ft ftft* ft ft* ftft f.ftft ft ft ftft ft V ft * * • * * 9** ft ***** ******** * * •**_£•• • ft ft ft* ft* ft ft*** ******** 


SnHFnUL^O T^ftJFTTORY TT M F 7,0035 DAYS 

— SW-flLF -IXAJECroHY__liKE 7.0Ti00_QArS 


GUinANPf 


JULIAN DA T c -- ?44432 7 . 0a ? 60 T Of 
DAYS PROM LAUNFH-- 7 .0' , J50nOC 
DAYS F Rfl* CUIDFr-- 3.4JOOOQOC 


CDNTRDL PHASE — 1 

PRESENT MASS IKG) — 4079. A 38106664 

PfiESEUT PITCH ICE Cl — - 27 ., 61884*466 

PRESENT Y#H IOEGJ-- 323.0 4348 0445 


PRIMARY BOOT -- EARTH 

FLUX ( F 14) -- 0.0000000000 

FLUX RATE IE14/SECJ — a. - .. 

AVAILABLE POWER (KWI — 14.4250000000 


BODY RELATIVE S/C STATFS x “ y 

SUN POSITION -.14789735961732F* 09 20684 517919 J49E>0 8 

VELOCITY. — . . .43y52DC384929ftE.t30 .t .2 Z87 0 a 33367 ab 6 £* 32- 


7 

266257 295452966*04 
-• 1761-3906 55 SZ2_1£..*_£UL 


MAGNITUDE 

. 1493 36 794 76287E*C 9 
*-2X67.41 05 362L.4 Z£iH2. 


EARTH POSITION 
- tf F LOCI 


14 T; 91 S 4 i 19362^*35 
32-3 S 2X676 7. 


. 260860898 15626E* 05 
. 17396661 767822E»0j 


2 6625 72954529t»E* 04 


•2967181 39 42S57E* 05 


S/C ACC EL ERA T I OH': 
PRIMARY BOOT 
PERTUR3IN6 BODIES 
THRUST 

J2 ft RAQ^PHFSSURE 


X 

-• 2 139 767622977 4£- (J3 .. 

.153527593325656-08 
-.Dlo 7 1 ft 164627746-07 


Y 

— ♦ 3 960 86233 624 65E - 0 3 
-.7 44681 487061486-09 
• 1 28185 T 960RR20E-06 


Z 

• 3 981558966Z484£=-QJ»_ 

.106099384885956-09 

-.118097836012186-06 

-Q. 


MAGNITUDE 

- 44 66 9 7 201 X 1 77 «EiLlll 
. 17 0964 314 6661 SE- 08 
. 1969 32 52516 86 2E -06 


EFFECT-IVE-- S/C. MASS- STANDARD DEVIATIONS (XCJ 
CDNTROL= ,8645 XNCWLc nG E= 185.1420 


TRANSPOSE OF STATE TRANSITION MATRIX PARTITIONS OVER TIME INTERVAL 
STAT e 

X Y 7 


6.0030 OAYS TO 7.0330 DAYS 


vx 


VY 


VZ 


.. . X 

- -.258 707277E* «i2 . 

... . 11716D394E+Q2 

Y 

. 321*8 3531F* 31 

-,4573621136*QC 

7 

-.3143923 1.4 6 ♦ DiJ 

. 93526543 3F-02 

VX . 

-.5’’8642J15E*D5 - 

. 307174365£*05 

VY 

-.241 568 I55E* «6 

. U65AT498E*D6 

VZ 

.?43?9S0‘.26* 15 

-.1L5110860E*05 


11676639 4E»J1 
. 1183192536-01 
3344 396 2lF*0 0 
.-r.337260932£*04 
11385733 BE *05 
-. 6 *- ‘. 2179566*04 


-. 1628 46310E-Q2___._ .- . 279 794 4 83E- 02 . 282 335827E-03 

•28 64 ?9 3605-03 . 2826 t 7552E- 03 - . 169457169E-04 

28 1365836E-04 - , 156417493F-04 . 119419922E-Q3 

- - • 25299250 2Eta_l -.5882624636*01 *5912 802076*00 

14951581QE*02 -.2482519786*02 . 247 30331 8E* 01 

. 1506705756*01 .2468927176*01 - . 578 5 96 04 8E ♦ 0 Q 


0 


1 1 1 < i t 


• 72351 7290 16 IP* 04 
-. 15326884254 7E+C4 

.2156572756636*32 

. 1955811669 jBf + oo 

.33687-»659377F*'’3 

- . 3 9 M 7 4 61 ' 2 °RPF_ 51 


1502683*.254 7 E*0‘* 
.698A401O67"3E*O3 
-.9975956C7567e*01 
-.9387 9432 1 116E> 0 1 
-.1564778276556*00 
. 10 , 16 7 O 6558 iE -01 


«215657275653F*02 

-.9975956075676*01 

•53 r R10fl04644E*0J 

.133385291238F-02 

.224700852356F-02 

-.2462B796+915F-03 


•1955B1166908E+00 
-.908 39 432111 6E -Cl 
.1303852 91 238E-02 
.1183965174276-04 
. 20348 3S28916E-04 
- • 236 764 444 0 1 3F- 05 


f . 3368736593376*00 
1564778?7655E*08 
.2247008520 56E- 02 
. 203483528916E-04 
. 351055527524E-04 
-« 41 2 39349 54 37E- 05 


- . 3940 74612900E-01 
. 183Q670655S9E-01 
-.24626 79649156-03 
- . 2367644440 13F -05 
-« 4 12 J93495437E-05 
.50500 8217156E-06 


102 



KNOWLEDGE COVARIANCE AT MANEUVER EXECUTION TIME 


■ TO 


— r .oc ao cays 


RSS POSITION * .1Q97#329F*33 KH 

BS* 4^40*1 Vt-m .12O62668F*0? M/S- -. 


7. 0000 DAYS 


STATE PARAMETERS 


STANDARD DEVIATIONS AND CORRELATION COEEFICIE NTS 


- STO OF-V X 


--- * 7 - *X VY V2 



VY 

V7 


— — t.-ootioaoQQ 

•45ll46aiEfJ2 -»9958*.465 1. 30000003 

.39565442E»m .50462079 -.48038955 1 . OOP 0 000 0 

^14.9if960E*^? .99511824 -*9B53afe2a .6427-2627 uaooaoooa 

. rj 300 1 65F-01 .99480215 -.99096836 .95607650 .99692153 1.00000000 

.12642225E-12 -.95930640 .99472797 -.39213946 -. 972582*7 -.97281634 


1. 00000000 


ACCP-RQ-- ; _ 140 166 62 * . 1 0 764 991 

p *TCH .39737013 -.33684025 

YflH -. 17810619 • 1 967t»8(*5 


SOLVE -FDR PARAMETERS 


11974177- 

49910652 

4922609* 


.27116883. .20 8045 56 --^344«5«5l 

.42223404 . 37788362 -.42424248 

-.99739621 -.08699460 -.01610464 


STANDARD OFVIATTDNS AND CORRELATION COEFFICIENTS 

&TtV OEV ACCPPO - PITCH YAW 

ACCPRO .125390 3 4F -II 1.00300009 

PITCH .3-12-7-0.3 &7E- 31 —.19217676 1.0 0000 COO - 

YAH .3010174 9F -31 .54791379 -.21099205 1.90000000 

CONIRDL— &CV6R-TANGE- — A-T- N AHEUVE-R —E XECUT ICN T I HE 7.8030 OATS 

RSS POSITION = . 3275203<]fcO4 RH 

RSS— VELOCI-T i- ~ ^J824J1256F*,13 -M/.S 


STATE PARAMETERS 


STANDARD DEVIATIONS AN0 CORRELATION COEFFICIENTS 
l$ 30-0£V- x 


— 4f- 


1. 


-XX- 




XX- 


* .29*88743£*i4 

Y .1 3 33260 7E* ?4 

7 .C2658985E+0 3 

' XX .7 0 2342 43E fc 30 

VT .3347910 3E* 30 

VZ .3266488 8£- 3 1 


1.04080008 - 

-.99394415 ' 1.00900 000 

.99946270 -.99942650 1.00099000 

.99996023 -.99 991 08 9- . .99941799 l-annqnqoq 

.99998838 -.99995527 .9994*795 ' .9999*727 1.00000000 

-.99992348 .99989835 -.99922622 -.99987258 -.99993368 


1.00000000 
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ACCPRQ 

,36926611 

-. T/03S749 .. 

.35218945 

.36905261 

. 37083887 

-.37751822 

PTTCM 

. 1 7572012 

-.17742164 

.17933924 

. 173°2699 

. 17497766 

-.16009366 

YAM 

. 13925315 

-.14018442 

. 13065962 

.14113951 

. 14285138 

-.14638985 


SOLVE-FQR PARAMETERS 


STANOA4D DEVIATIONS AND CORRELATION COEFFICIENTS 

-m-OEif- — accpco pitch . van 


ACCPPn 
PITCH 

•140638 9 OE-81 

1.0000030') 

. /IQ4F.46 3 5 

uaaana-aaa. 


YAM 

.339368 8 ?E - 1 1 

. 57 3425 60 

-.11129551 

l.QOOOJuOO 






.5000 BEFORE H=1O03 P= .?334E*02 KM STATE .lJQ8f*32 .1914E*9? .2653E*01 .2161E-02 .152JE-Q2 .2176E-01 

— -- - • -¥■* - .2651E*0-1 M/S SGLUE-FOR .2200£-01. . -iSOAE-QA .3S0QF--O1 

.5001 AFTER N*1 0 3 3 P= .3909E*°1 KM STATE .2419E*iil .3036E4Q1 .9t?5E*30 .4525E-13 .3269F-03 .2163E-0J 

V= .59 R’E + 00 M/S SOLVE-FO* .218?E-01 . 3486E-01 .3471F-01 

^5084 — 46F0°€ - H*3B03 P~- -^.39A4F*0 1 KM STATE — .24142401 . 30 38EXU ..4l2.6F.4Jfl .4-525^-03 . J26CE-0.J .2443€^43 

V= .5982E+01 M/S SOLVF-FOR .21R2E-Q1 .3486F-11 .3471F-01 

.5030 AF T C P N=20 33 ° = .3826E + 01KM STATE .2198E4P1 ,3M0£*0i .8962E*]1 .4422E-03 .3154E-03 .216JE-03 

- V- .5846£>00-M/S- SOLVE-FOR -.1406E-01 .33B6E.--01 .3894E*ai - 

.5000 BEFOP? Me 30 1 3 P = ,38?6E*0l KM STATE .2196E401 .3030F*01 .8962E410 .4422E-03 .3l54* r -03 .2163E-03 

U= . 58 46E* 0 0 M/S SOLVF-FDP .1406E-Q1 .3386E-01 .3394F-01 

’ *5003 — AFJFf *1=3003 - P= .... 3825E*41 KM. STATE. .-2198E4C1 *33QCc3.0j .£96CE4!l3 - iik?if-in t hsi.f-.Q 3 *21f>2 £-Q3 

v= ,Sfl45E*30 m/s SOIYE-FDR .14°6E~C1 .3385E-dl .3"94E-''l 

3.0000 BEFORE M = 7C0C Pa ,4495F«Q3 KM STATE .3983E*03 .2f)74F*03 . 1952E02 .1760E-01 .5358E-G1 .4672E-02 

V = . 56S°E40? M/S SOLVE-fDR . 1406E-01 . 3385E-01 .3094E-01 

3.000° AFTER m = 7]Q3 p = .8939E»01 KM STATE .T581E01 .477Jt>°l .1824EiJl .4965E-03 .H67E-02 .2342E-03 

V- • 1 2 9C C f 0 1 M/S SOLVE -FOP .ITS PE-01 . 33T4E-01 .30 r QE-01 

6.30ni 9EF0PP MaUAOl P= .43B7E*03 KM STATE . 4375E*':2 .4346^*03 .4G9ir«12 .5449E-H .9055E-Q2 . 8212E-03 

PRTMf tf= . 5524E* 3 2 m/s SOLVE-FOP . 13S2F-C1 . 3374E-11 . 3C70E-01 

6.0003 A rT E p M=4 0 ° 1 P= .1T65E + 02KH STATE . 7651E»C1 .1108E+02 .2246f*31 .1469E-J2 .9144E-03 .4391F-03 

RJUMI — V=_. ^.t7RSEA5i-M/S SQLVE.-FOR . .. - .1254E-C1- • .312?£-0l . . 3J13E-01- — . _ „ 
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Pages 105 through 116-F have been deleted 




BLANK, not filmed. 
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3,2.3 SIMSEP 

The SIMSEP sample case studies a seven day segment of an 
Earth orbital mission where solar electric propulsion is used to 
increase the semi -major axis. Initially the orbit is the same as 
that used for the GODSEP sample case (Section 3.2.2) with the period 
being 13.35 hours and the inclination equal to 5 degrees (with 
respect to the ecliptic plane). However, different analysis assump- 
tions, e.g., the inclusion of shadowing and J ^ effects, cause the 
trajectories to diverge even after just seven days of propagation. 

The SIMSEP sample case is simulated under the influence of 
control errors which directly affect the S/C motion, e.g., PG, 

SCERR, TVERR, TCERR, etc., and knowledge errors which affect the 
ability to control the motion, e.g., P, PS, and CXS . Only one 
sample mission is calculated in the program's "forced Monte Carlo" 
mode (IRAN = 0) where all error sources are sampled at their one- 
sigma levels. A single guidance correction has been included to 
indicate computational steps and effectiveness of the Newton- 
Raphson algorithm in re-targeting dispersed trajectories. Although 
the scope of this analysis is limited and in no way exercises the 
full capability of SIMSEP, it does use the fundamental computational 
cycle and displays the basic output. 

Referring to the sample printout (see Page 119), the first 
page shows a listing of the $TRAJ namelist as has been presented 
in previous TOPSEP and GODSEP sample cases. The trajectory 
initialization data which follow define the reference trajectory 
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integrating conditions underlying the SIMSEP analysis* Next, the 
first mode peculiar namelist, $SIMSEP, is listed and is followed 
by the SIMSEP initialization data on the two succeeding pages. 

Among the error sources are the initial s/c state (PG) , the va^ue 
of j£ in the gravitational potential (J2ERR) , s/c mass (SCERR(l)), 
exhaust velocity (SCERR(2)), and electric power to the thrusters 
(SCERR(3) ) . Thrust control biases (TCERR) in the reference control 
profile and thrust process noise (TVERR) are also input as error 
sources. For this run, NCYCLE is automatically set equal to one 
since the forced Monte Carlo mode is being used. 

Because only one guidance maneuver has been specified in the 
$SIMSEP input, i.e., NGUID = 1, only one $GUID namelist is read. 

The resultant guidance initialization data are shown on the next 
three pages where the guidance event times, target times, active 
thrust controls, and targets are identified. Because INREF = 1 in 
$ SIMSEP , the s/c state and mass at the maneuver time, sensitivity 
matrix of targets with respect to controls, and nominal target 
conditions are input and printed. If INREF had been zero, trajec- 
tory information relevant to the guidance event would not be available 
at this point in program execution, but would have been computed and 
printed at a later time. 

The trajectory simulation begins when the initial s/c errors 
and any errors that act as biases throughout an entire mission are 
sampled. For example, the a-priori control error covariance is 
sampled to form a discrete actual trajectory state. Likewise, thrust 
biases, errors in the gravitational constants, and initial thrust 
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process noise are computed for the current mission cycle. These 
actual values, the corresponding reference values, and the sample 
derivatives are printed as part of the actual trajectory initializa 
tion data. Subsequently, trajectory data are printed as the actual 
trajectory is propagated to the first guidance event time. 

The single guidance event included in this sample output is 
a nonlinear correction scheduled at one day after the mission has 
begun. The active thrust controls are the thruster throttling and 
the initial pitch and yaw angles, acting over the second thrust 
phase. These three variables are used to control the perigee radius 
and semi-major axis of the osculating orbit at the target time. The 
designated target time corresponds to the nominal trajectory end 
time, thus making the duration of the guidance event six days. 

Before the re- targeting algorithm is executed, the program 
simulates the orbit determination process to form a state vector on 
the estimated trajectory. Simply stated, the knowledge covariance 
is sampled to obtain a knowledge error. This error is then added 
to the actual trajectory state, thereby defining initial conditions 
for the estimated trajectory. The results of this sampling process 
and other auxiliary calculations are printed as part of the normal 
SIMSEP print at guidance events. 

A numerical differencing procedure is used to calculate tra- 
jectory sensitivities of state variable changes with respect to con- 
trol changes over the active thrust control phase. The integration 
of the reference and perturbed trajectories accounts for additional 
trajectory printout following the estimated trajectory print. 
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At the designated target time (P. 131-E), target conditions eval- 
uated along the estimated trajectory are computed and compared with the 
reference, or desired, targets. The miss, i.e., deviations between 
the estimated and reference targets, is seen to be approximately 39 
km for perigee and 41 km for semi -major axis, giving 78.11 for the 
quadratic error index. Various trajectory related information, i.e,, 
j/f, 8^, and ^ matrices, are printed along with the guidance matrix 
computed from these sensitivities. 

The first nonlinear guidance correction (printed as "UPDATES" 
at the top of Page 131-F) is calculated to be -.5%, .0234 rad., and 
-.0136 rad., and causes a slight reduction in the target deviations 
on the estimated trajectory computed for the next iteration. In 
particular, the updates over-corrected the thrust controls to yield 
misses of -39. km and -36 km, respectively. The third set of updates 
(P. 131-Q) decreased the target errors to 2.8 km and 7.3 km within the 
5 and 10 km tolerances. Thus, the guidance procedure has converged, and 
the commanded and executed thrust control corrections are printed. 

f 

The actual trajectory is propagated to the final time (TEND) 
since there are no more maneuvers. At TEND, a Monte Carlo mission 
summary is displayed showing the final trajectory conditions. 

If more sample missions had been requested and run, additional 
output in the same format would result (if requested) as the computational 
cycle proceeded. This would, of course, include the sampling of initial 
errors, data for the guidance maneuver, and summary print. In the 
event that more than one mission simulation had been executed (without 
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guidance divergence), additional output is displayed after all 
Monte Carlo cycles in the form of accumulated statistics (means, 
variances, and correlations). In particular, state error covariances, 
s/c mass variation, estimated control correction covariances, etc. 
would be printed and punched (if requested). 
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SIMSEP Sample Case 


P5TRAJ 

TLNCH=?4443?0„ « TEM0=7.9 

scmass=sooo, ? 

STATE= 28571 . * 0 . « 0 • * 0 . * 3. 7209449 3255405* 

PHA S=O.*Q0.* 

PHAS ( A ) — l » * 

STEP=1.f 

EN6TNE=14.4?5?0.*14.4P5* EUS I NE ( 1 M = 1 *E20 * 

I COORD=3 ♦ NTP = 3 « NP=3* 

TSTOP=l • 

DPMfiy=^0 . . 

THRUST O « 1 1 =3. * J #■* l • « 20 . , # 007J.7 * 1 0 • *-7» **# * 0# *63* * 
THRUST < 1 * 2) =3* * 4 . * 1 • * 279.483 ♦ • 007 1 7 • 1 0 • * -7. * 6. « 0« *63. * 

THRUST (1 *3)=3*»10**l.* 337.952*. 0071 7*10**-7**6.*0.*63.* 
TSTME =0, 

M0DE--3 » 

PRNML=T * 

J2FLG=1 * 

IPRINT=-1 * 

XPPTWT = 7. « 

^0PBTT=1 * 

$EN>0 traj 


ORIGINAL PAu^ - 
OF POOR QUALITY 



TRAJFCTORY INITIALIZATION 


■•••*•«**•*»*«•*•* ***•»■•*•*****••••**•**•*»**•*••••••'***• 


**•*•*****•**•••*•♦»*#*»•*•****•*•••***••■••*****••** *•*•***• *»*••#**»** ****** 


INITIAL EPOCH (REFERENCE D ATE I 

JULTAN BATE .... 2444320.0000030000 

CALENDAR DATE .**. 19*0 NAR ■ 21 12 KH-- -0-- HI N — 0-0 OO B -SECS- 

TRAJECTORY START EPOCH 0 .0 00 0000 00 0 OATS AFTER THE INITIAL EPOCH 

JULIAN SATE .... 2444320. 0000000000 

CALENDAR nATE .... 1950 NAR 21 L2- -NR— -0— MIN 0.0030 S E CS 

TRAJECTORY ENO EPOCH 7,0000000000 DAYS AFTER THE INITIAL EPOCH 

JULTAN OATE .... Z444327„000 00 0000 0 

CALENDAR DA IF .... 19*0 *AR ~Zfi -1-2 -HR — 0— NtM — B.0000 SECS- 


INITIAL STATE VECTOR IN ECLIPTIC COORDINATE STSTEH 

X 

POSITION .2*W14WOMOOOE*65 

VCLflCITY 0. 


r 

-0. 

*J720944900000aE*fll 


1 

4-. 

-. 3255 V 05 000000 BE* 00 


MAGNITUDE 

.^2457100 000 3 000 E* 05... 
.3735150305 3435E*01 


SEPS HASS 
EXHAUST VFLOCITV 

-ELECTRIC POWER AT 1 A. U. 

FLUENCY 

thruster efficiency 

-RACIATIDH PRESSURE COEFFICIENT 
LIST OF GRAVITATING RUDIES 

RUN - — 

earth 

TARGET PLANET IS EARTH 

ThiTpERTURBING EPFECTS OF A NON-SPHERICAL CENTRAL BODY ARE MODELED AS A JZ-TERH IN THE GRAVITATIONAL POTENTIAL 
<J? = ,10*2645»*E-02> 


INTEGRATION STEP FACTOR 1,0000 
-T-HE— -5H AOOW TNfr - LOGIC WILL - 8€ -EXECUTED, 


5000.0000000000 KG 
29. *11*0000000 KN/SEC 

«t29QOOOOflO KM 

0.0000000000 E14 PARTICLES 
1.0000030000 


M 

o 


REFERENCE THRUST CONTROLS 

THRUST THRUST PHASE 

PHASE- -FNO TINS’- 

NUMBER IHAYl 

1 1.000000 

2 4.0 00000 

3 10.000000 


THRUST PHASE THRUST PHASE 

-TH RO TILING » (l ? PITCH 

(OEG» 

1.000000 20.000000 

iToOOOOO 337.952000 


THRUST PHASE THRUST PHASE THRUST PHASE NUMBER 

ftl tZ A 3 . - s -T -A W OF 

I DEG, SEC I (DEG.SFCI < DEG, SEC 1 THRUSTERS 

.007170 10.003000 -7.000000 b. 000030 

. 0071^0 m-nnnnnn ■7 .00 0 000 6.00 00 00 

,007170 10.000000 -7.000000 6.000000 


THRUST PHASE 
__A4- 

I DEG, SEC ) 

0.000000 

Q. 000000 


THRUST PHASE 
-AS 

(DEG, SEC > 

63. 000000 
61-000000 - 

63.000001 


- T H RUST CO NTR OL P HASING AN&lES-l BEG-1 

1.000 90.000 0.000 .007 


ORIGINAL! PAGE B 
OP POOR gtJALEOS 
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JSTtfSEP 

6 0*= 1 ft 0 • * 

I MR£F = 1 f 

1 01 IT= 1 • T D UNrH * ] * 
TP &w-o . 

NCYCLE=1« n^UID-1’ 
PRK!M| = T * 

6MEPP-1 • « . 0001 . 
SCFPPsf'*! *F-6« 


ORIGINAL PAGE IS 
OF POOR QUALITY] 


J?FRR=1 .P-6* 

PG (],])=. 5 * PG < ? « 2 > = • 5 * nG ( 3 « 3 ) = • 5 * 

PG(4^4)=G.p-^* PG(5*5)=S,E-4* PG(6»6)=:G.F-4* 

TCFPP(2*1 ) =«01 * TCE>P<3«1 )=*57* TCERP (8* 1 > =.S7« 
rcEDR( ?*?) =.01 * TCERR (3*a) = *57, TCEH«(6*?> = .57f 
T V F 9 R ( 1 » ] ) =*C» 1 , TVFPP<lf£.)=3., 

TVERR < ?. 1) = *57« T VEPR (?*E) =3. . 

TVFRR ( 3* I ) s.?7i TVFOP(3,p)=3., 

X£.M!)- . 5^99 1 5 7 0^7 2.2b' ♦ 0*. « • • 2899 3 1 9432 73F + OS 

360173*S7285£*0l « . 696 1 0665 7727E + 00 , 

Mr*jp= * 4979 a 38 1 0668c + 0** 

*E*'D 


-.222519983155E+04? 
73633100187 9E -01 • 



AN33 «3d 0000100008* 
OOOOTDOQOB* 

oc o oTooootr*~ 

HX OOOOTOOOOO * 
33S/HX OOOOTOOOBO* 


0000000000 * 1 * 
~0000000 0 0 0 *T 
0 0000 08629*91 
0 000 0 0081* *62 


aoaua «m ibaas bmism 3 ioo-hoowms 

1N3I3I33303 3ansS3Ud NOIAAIOA* 

X yn 3134433 yjismtMl 

*n*V 1 XV ai3N0d 3IBA3333 
*11301 3 A isnvHxa 

— - ssr»»-3/s 


NOX1VIA30-QMOMV1S A3N*«d 5435 3N IH03103 3M1 «I S31AHl AAM33 Nn 


■300000000 OOOT~* O lN O MB l H V/ HUt lit 1*1*3 3H1 AC 1*313133303-20 aH A « N0IAAIA30 ea»QW»iS- 

2..33S/£.*K> CO- 3000000000001 * 1NA1SN03 lANOUAlIAAMa H1*A 3 3HA HI NOI A VJA30 OMWOHV AS 

2**93S/£*«HX 10^ 300 GO 0000 0001* AN# 16N03 1ANOI AA AIAAM9 »10S 3H1 Nl ;N01A«XA30 0«W0M»AS 


*0 10*3000000000001* *° 

•0 *0 10*3000000000001* 


»tr= 3 omnnnn> o ooss 


-e *e •• — 

■o *o *0 

.ft *0 ‘a 

r •— 

*0 10*3000000000001* *• . 

« 0 *0 10*30000000*0001* 

r 33*33- - 333A9* 

ISNHfnOO Nil SMOA33AN39I3 30 X1M1AM 

r* 00*30000000 00 coz* 0 o *aoo o oooooo csz* 

33NAIUAA03 1VUINI 3H1 M S3TOAAHJ3I3 


90-3000000000062' 


0 90*3000000000062* 


— CIPvJOOOOOCQOOOOS* 00C0O D0000*0 

CD-30000000000 06' 


- 0000000000*0 

0000000000*0 

£0-3000000000006* 


00*3000000000062 


*0 00*3000000000062* 


*0 00 *30 00 00 0*00 06«*“' 

X 

SJ3NAiaAAQ3 QNA S33NAXfcf A 


*09000 00000 *0 
0000000000*0 
0000000000*0 
"00*3000000000005' 


-0000000000*0 

0000000000*0 

OOOOOOOOOQ'Q 

0009000000*0 

00*3000000000005' 


0000000000*0 
0000000000*0 
£0 00 0 0000 0>*0 
0000000000*0 
0000000000 *0 
0 0 *3 0 0 0 0 OiO 00 0 0 06 * 
X 


* sNoiifliiaaoa unv snouviaho caAONAAS 

<000 00 * 02C*r9 92 **Q*P ISAAC 00000*0 3MI1 Aa0133rWdA A A 33NAIaflA°3 30 DIN 03 lA ll INI 


0*1 


VIVO LMHl d3SHU> 



THPUST CON T P91. ERRORS IONE-SIGMRI 

THRUST THRUST PHASE THRUST PHASE 
PHASE END TIME THROTTLING 

NUMBER ' IDAYT 

1 0. 000003 . 01800D 

z 0.000003 .OlOOOfl 

..3 o.oooooo a. oeoeao - 


THRUST PHASE 
AO * PITCH 

T0EGT 

.570000 
.570000 


THRUST PHASE 
At 

<OFG, SEGA — 

o.oooooo 

Q. 030000 
0. 0000 09 — 


THRUST PHASE 
A? 

— (DEG. sec a — 
0.000000 
0. 000 0 00 
— kr49(HMH> 


thrust phase number thrust PHASE 

A3 * YAH OF Al* 

— TGES.SEGA — THRUSTERS 1 BEG . SEC » - 

.570000 6.000000 0.000000 

.570000 6.000000 8.000300 

—Q. 000000 G^GCOOOO -0. 0 000 0 0- 


TMRUST PHASE 
A5 

— -<0EG.SEC1 
9.000000 
0.000000 
0.0 00 00 0 


TIME-VARYING THRUST ERRORS 


THROTTLING 
CONE ANGLE 
-CLOCK ANGLE 

THROTTLING 
— COME APNGLE- 


CLOCK ANGLE 


one-sigma level 


.100000000000E-01 
*5 TO 00000000 OE *00 
- .570000000000E+BO- 

0. 


CORRELATION TIME 


. 50 000000 00 00E*01 
.300000000000 £♦ 01 
rHMWAMTK**!- 


.lOlOOOOOOOOOE^Ol 
rl00-0-0-00 00 0 8 0E *01- 


0. 


,ioaaoooooo#OE*oi 


STANDARD DEVIATION 


0. 

0. 

-0^ 


0. 

-JU- 
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In 

0 TMFN = 12 , 

(l*l)=.ol, P(?»?)=.01* p(3*3>=.01* 

{ 4 . 4 ) =5, E*"5 * R( 5 * 5 } =5 • E-5 * P ( 6 * 6 ) =5 • E — 5 ♦ 
S(M) = ] .e-7, 
max - 5 . 

ASTm-o , 


original page n 

0F P °OR QUALITY 


WAT ^= 6*1 . * 

TAR5TUO)=l* I T APOT ( 15 > t? • 


ARTOj. =5 
(3*2)-* 
UT.n = 

AR 5 ~ 

RFF- 


Rpr = 
RFF- 

RFF = 

RfiFTr 


.* 10 .* 

001 * H ( 4 * 2 ) = • 0 1 * H ( 7 , 2 ) = . 0 1 * 


. 244 4 3? 1 0 0 Q 0 0E ♦ 0 7 * 
.2444 3 2700000 E *07 * 
.723226017574F+04* 
.360320 04 76 11 F*0l * 
.4997] ] 9 7 2952E + n 4 * 

' .662392 733B19H + 04 * 
-.360314241483F + M * 
.49798331 0666F+04 * 
.?96910216000£+06, 
,60081 1891 774E+03* 
.39332914O89OE+03* 


-.2772667966706+06* 
,9317 849 0596 9 E +00* 

.2898906297 13K+05* 
.6991 644661 4 5E + 0 0 • 

.2964959631 12E+05* 
♦ 78350 3924 7 0 OF + 0 3 * 
-.738794 1 1 9936E+02* 


0 


.236616864464E+04 , 
-. 788936 34 1500E- 01 * 

-.222454145189E+04, 
-.7386621219] 0E-Q1 * 

0 . * 

.3252361467346+03* 
.89784 341 4985F + 02 ♦ 



* event x 

INPUT OAT* ****••*•* 

euTBANre -event ttme - 24443?i.bg00o m t.wgao da y s from -l-*ungh — - 

DESIGNATED TARGET TTHE Z444327.00000 AT „r:!|!! 0 !!!L5* VS F *° H LAUNC 

DURATION OF THE GUIDANCE TRAJECTORY IS 6.50000 OATS 


REFERENCE TPAJFOTORY STATE VECTOR AT THE GUIDANCE EVENT (J.O.* 2AAA321. 000051 


,723?2<>017574E*04 KH 

-,277265796670E*05 K" 

.236616A64464EE04 KM 
,36032304761tE*Oi KM/SEC 

.9317 54955969E *00 KM/SEC 

-.7A8936341500E-01 KM/SEC 


SEPS MASS 

1.997. 11973 KG 


CURRENT THRUST PHASE N'JMBFR 

2 

SENSITIVITY MATRIX OF TARGET VARIABLES N.R.T. CONTROL VARIABLES'! 2X31 
SENSITIVITY J ^‘i 77%e#03 ,325276146734E*53 -.r38794119936£*92 

# T83S9S9?4700E* 04 . 393329 14049AE*-W ,-R9744-J41L985E-*fl2 

REFERENCE TRAJECTORY STATE VECTOR at THE TARGET TINEU.O.. 2444327.000501 

x- . 56 23927 J3 019 E *06. Ktl 

T .?89890629713E*U5 KM 

7 -.?22454145189E*04 KM 

V x -* 360414? 41 4 83E *01 KM/ SEC- * 

VY .6991544661 45F*00 KM/SEC 

VZ -.7 3 866? 1 21 91 0E- 01 KM/SEC 


SEPS HASS 

-4979.83811 KG 

DESIGNATED TARGET VARIABLES __ 

TARGET VALUES— TOLERANCE — — 

PC A . 295910216000E+05 .5000000000 0QE*0l KM 

A ‘ , 296495963112^*05 . 1 000 00 000 0 00E *02 KM 

The GUIDANCE LAM FOR THIS EVENT IS LOH THRUST-NONLINEAR WITH 5 ITERATION <SI 

SENSITIVITY MATRICES of TARGET- C HA N CE— PER- C-OW- TR OL--C HA MCE— ARE- CONPUTEO BY NUMER 

PERTURMEO TRAJECTORIES WITH THE REFERENCE 

ACTIVE TMRUSP CONTROLS FOR THI S OUT OANC E-EVENT—- 0FBTl»ftATION 

THRUST PHASE NUMBER CONTROL VARABLES PERTURBATION 

2 THROTTLING .0015 

2 PITCH ANGLE JU410 — 

9 YAH ANGLE .0100 


WEIGHTS -SPECIFIED FOR EACH CONTROL— VARIABLE-. ' 

,1 55S00050005E* 01 . 1 00500 OOOOOOE* 01 . 10000 0500000E*01 
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CONTROL PHASE CHANGE 




JULIAN GATE — 244432 i . 0 0 0 390 00 
OATS FROM LAUNCH — O.OOO^OOTJO 
OATS FROM CUTOFF-- 1.00090000 
NOTION (DEG/SECI -- < 0Q749Q42071626 


CONTROL PHASE — 1 

PPESFNT HASS I KG) — SO OQ . 000 DO 1000 

PRESENT PITCH <OEG>~ 20.465403051 

PRESENT YAH tnEGI -- 56.465403051 


PRIMARY BODY — EARTN 

FLUX <E14) — 0. 080000 00 00 

FLUX RATE (E14FSEC)-- 0. 

AVAILABLE POWER IKWI-- 14.4250000090 


THRUST PHASE THRUST ®HA5E THRUST PHASE THRUST PHASE THRUST PH ASF 
OUPATION THROTTLING A0 * PITCH A1 A2 

inAYSI i DEG) 4U€€-r5EC) tOEGi SEC) 

1.0000000 1.0040825 20.2327015 .0071700 19.0000000 


THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 
*3 * YAH OF AG A5 

I OEG . SFC I THRUSTERS - < DEG, SEC* I DEG, SEC) 

-6 • 76729*5 6.0000 0.0000000 63.0000000 


- ■mmmmmmm FCLlPTTC 

BODY RELATTVF S/C STATES X T „„ 

SUN POSIT TON -. 14 00 0 3651 M6L1F* 89 -.269451 37067351E* 07 .500000 000000 OOEFflO 

VELOCITY . 529975R7354252E-01 — - --.26171224367106E*02 “»3?5 04050 000 00 0£*9O 


MAGNITUnE 

•14 90 280120200 6E *09 
. 26 173 2 9640 9612£*02 


EARTH POSITION .285715COO?OOOOE»D5 .5000000000000 OE^OO . 5 000 0 0 00 00 000 0E* 0 0 . 285715000 08750E*05 

VELOCTTY - . 5000 00 OOOOOOOOE-03 . 3 7-21 44 490 «0680E*61 -*42504050 OQ0tlOOE**O . 3735612897 5546E*0 1 


S/C ACCELERATIONS 

- PRIMARY PHOT 
PERTURBING ROOIFS 
THRUST 

- J2 ♦ RAO. PRESSURE 


x y Z MAGNITUOE 

.468’ 8 950 2 6 21 ATE- 43 -*• 65450449 332704E-0* -**54564493327041-06 .48*2895027 7 141E -03 

• 2 289 4 62349454 7E” 06 . 62086534 366044E-10 -. 200463252 356 19E-1 3 . 229030 40 362714E-06 

. 39S7679R822414E- 07 , 1 01225B9805650E-06 . 1 641 592588 7737E-06 . 196939 34060159E-06 

. J9 55 3 9« 96 26SS^0F .1416531682372 76— 41 -*344271327«6224E~11 — — ■ . 395530897164 86E-07 



JULIAN CATE — 2444321.00004000 

— DATS FROM LAUNCH— 1.00000000 

OATS FROM CUTOFF-- 0.00000000 

MOTION TOEG/SFCI-* .00749042071626 


CONTROL PHASE 

PRE SE N T MASS I KGI 

PRESENT PITCH <DEG> — 
PRESENT YAH TOEGI-- 


270.399193496 

12.065964613 


PRIMARY BODY — EARTH 

-FLUX IE44I— - 0.0000300000 

FLUX RATE IE14/SEC1 — 0. 

AVAILABLE POWER IKWI-- 14.42500 0 0000 


esr*r« ECLIPTIC =ss«a* 
BOOT RELATIVE S/C STATES 

-SUN — POSITION 

VELOCITY 

EARTH POSITION 
VFLOCITY 

-S/C ACCELERATIONS 

PRINART ROOT 
PERTURBING BOOTES 

-THRUST — - - 

J? ♦ RAO. PRESSURE 


*.148998 3160 J826E**9- 
,41764876«770T1E*01 

. 7083227420 0590E* 04- 
. 160621801 044 52ET01 


*• 1187555084 556 6E-0J 
. 447886 0938 2757 E- OR 
. 19ZS261399 2S71E -»6^ 
-.49725292082000E-06 


, 53045766 159226E*«7^ 
i26965727611882E+02 

.377679146*63001*06- 
.91314762 756147E*0O 


. 46554 947791 068E- 03 
1 11376576612376E-08 
. 6 1 9 7 6631 T * 4 66*6-0 * 
. 269627721 6273 9E-0 7 


— *236567756*71 4 JE* 04 ■ 
-.770750224Z6044E-01 

— .-236667 756*7 1436 *04- 
77075022 424044E-01 


39662321404470 E-0 4 
-.94732311966998E-10 
- *411»651418B 2» i C -0 T - 
. 20177T14950247E-07 


HAGNITUDE 

.14909271183740E*09 

,2926537*283056E*0Z- 

*28754S7575a»Q*E*05 
•3722 77003 38543E*01 

HAGNITUDE 

• 48209 15752 330 8E— 03 
. 1226496Z726204E- 0* 
* 1970533474 94 74£- 06 
. 356469970 66 359 E- 07 
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>ioor 

A°STS 

M A 


180. 13? 75 174 
323.7793*927 
1*0.37638253 


180.10912885 

322.60870876 

1*1.8L13331* 


.026 7229* ~ DCS 
1.1206*051 PEG 
-1. *3*95061 DEG 


ESTIMATED J2-,COEFFICIENT OF THE GRAVITATIONAL POTENTIAL 

J2 . 10437*50009 PC-02 . 108 35*500 0 OOE-O 2 .999999999959E-07 


JULIAN DATE — 2***32l. 0000000 0 
OATS FROM LAUNCH— - 1.90000000 
DAYS FROM CUTOFF-- 6.00090005 
MOTION (BEG/SECJ — .007*90*2071626 


M CONTROL PHASE - 

•CONTROL PHASE -- 2 

PRESENT — MASS t K&) — *997. 1197 79528- 

PRESENT PITCH (DEO — 279.720701526 

PRESENT TAN (DEG)-- 56.232701526 


PRIMARY BOOT 

-FLUX- (El*) — 

FLUX RATE CE1*/SEC>~ 
AVAILABLE PONER I KH) — 


EARTH 

0.0000000000 

0. 

1*. *250000000 


THRUST PHASB 
DURATION 
("AYS) 
3,0090000 


THRUST PHASE 
THROTTLING 


1. 00*0*25 


THRUST PHASE 
A0 = PITCH 
TOEG) 

279.7297015 


THRUST PHASE 
A1 

OEG . SEG ) - 
.0071700 


THRUST PHASE THRUST PHASE NUMBER THRUST PHASE 
A2 A3 = TAN OF A* 

(OEG.SEC) I PE G, SE CT THRUSTERS -I PEG. SEC) - 

10.0009080 -6.7672985 6.0000 0.0000000 


ECLIPTIC «*•«•» 
BODY RELATIVE S/C STATES 
SUN POSITION 
VELOCITY 


EARTH 


POSIT ION 
VELOCITY 


S/C ACCELERATIONS 
—PRIMARY BOOT 
PERTURBING BODIES 
THRUST 

— J2 ♦ RAD, P»ESSU»E 


> 1 *89983160 2826F* 19 
. *17653 768770 30E* 01 

,7083237*20 05 90F*Q* 

, 360 8 2688 1 0 **52€*4l- 


■.1167557550*7i4C-03- 
•**788893589250E-09 
. 10722982*31*25E-96 
-.*97301201592736-04- 


.510*57680592276*07 
.249656776 U442E*03- 


2 776 7 9 9* 6 86300 E* 9 5 


.11378573 050 28 IE-08 
,2232225118582*6-07 
.-24945500 6 * 9637&-07- 


.236564756871*26*0* 

.77025022*289*36-01 

,236568756871*26*0* 
^7 7 0 25 0 22 *2 8 0*36-01- 


>0*. 

. 9*73 2712*31*556-19 
,1638085285591*6-06 


THRUST PHASE 
A5 

-loe&.sec) 

63.09 00000 


MAGNITUDE 

.1*9092711827056*09 
. 29265335 79 8968E* 02 

.2875*569387997E*05 
• 37224297 2502716*01 

MAGNITUDE 

. *4 20 9 1 7848554 0E- 03 
« 12 26 *9 826 0 596 3E -08 
.197052663390226-06 
. 35650323*5070 *£-0 7- 



U> 

o 


—JULIAN DATE — 2* **32*. 000000 00 
OATS FROM LAUNCH-- *.00000000 

DATS FROM CUTOFF 1 -— 1.000090 00 

— N0Y-I9N fOEG/SFC) — -■ «072?6%94OlOO7 


** CONTROL PHASE CHANGE 

■CONTR OL — P HASE- -- 3 

PRESENT MASS (KGI — *988. **36*2125 

PRESFNT PITCH IOEG)— 3 37.952 00 0000 

(PEG) 


— PRIMARY BOOT-——... — . 
FLUX (El*) — 

FLUX RATE (E1*/SECI~ 
AVAILABLE POWER T*U) — 


EARTH — 

0.9000000000 

0. 

**.*250000000 


THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE 

- DURATION -THROTTLING A0 — PITCH- A4 A2 

,r *E G ' I OFGtSFCI (DEG. SEC) (DEG, SEC) THRUSTERS JOEG.SECI <OEG,SEC) 

6.OCOPOO0 1.0000900 337.9520000 .0071700 19.0000000 -7.0000000 6.0000 0.0000009 53.9000900 


THRUST PHASE 
— 4 3 Y A H 


NUMBER 
OF 


THRUST PHASE 
A* 


THRUST PHASE 
A5 


***===* ECLIPTIC *=—=•==* 
BODY RELATIVE S/C STATFS 
— SUN POSITION - 

VELOCITY 


—EARTH 


POSITION 

VELOCITY 


1*8630 78565295F*09~ 
. 7*7775262897 62E*00 

. 2 7 15 8*53431 J91€*-0 5- 
-.13635*299*65916*01 


13000 J&9*-77796E *08 
-.2636379516*6296*02 

. < .t0*85225951349E*C5- 


-■^-729240319* 6463E* 83- 
-.300360*52591736*00 


MAGNITUDE 

-1*919625*619526*09. 

•26376100123*206*02 


• 3*2029618926986*01 


>-729290319*6863 E* 03 _ .2923* *038357696*05- 

• 369*30 533689836*01 


-.390360 *5 2591736*00 


— S ACCELFPATIONS — 

PRIMARY BODY 
PERTURBING BODIES 

— THRUST 

J2 ♦ RAD. PRESSURE 


> *332 771506 *0 lSE- 0 3 
,2257*7 83 2**39* E- 06 
,32230 66392 56406- 07- 


-.172223528253*26-03 
-.13680395*28921E-09 
.1 05 102 0? *539 l*E-OE 


. 1163*79132 7257E-0* 
.2 91 *171* 08919 2F -10 
!9830177*816E- 0 6 


.MAGNITUDE 


.*66396182687926-03 
. 226192 930095926-08 
1965927980011 3E-06 


-.109*83150277016-17 -. 158625** 098*02E-07 736120550*1596E-06 .355513811689816-07 
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NOTION (OEG/SECI -- .00721540049519 


t>pf5rNT"Y<5W InEGJ — 56. OOQOOOOOO Ava ILABlE POWEP <KW|-- 14.4260330000 


THRUST PHASE 
OURATION 
tOAYS> 
6.0003000 


THPUST phase 
THROTTLING 

1.0000000 


THRUST PHASE 
A0 = PITCH 
tnEGl 

337.9520000 


THRUST PHASE 
ai 

loe&.sECJ 

.0071700 


THRUST PH ASF 
A 2 

I OEG » SEC 1 
10.0003000 


THRUST phase NUMBER 
A3 = YAM OF 

IOEG .SEC* THRUSTERS 
- 7 • 00003 00 6.0000 


THRUST PHASE 
A4 

I DEG . SECT 
0.0009000 


THRUST PHASE 
A5 

IDEG,SEC> 

63.0030300 


="==-= ECLIPTIC ======= 

BODY PELATTVF S/C STATES X Y l 

SUN POSITION -. 14863091394261E* 09 1 30 00 1105160&6E* 08 —-*.729967 069220 0 2£* 03 

VELOCITY .712827204200856*00 26379 5521 76774E*0 2 -.2862 27 07 47177 RE *00 


MAGNITUDE 

.14919836277043E*09 
. ?6365735752502E*02 


earth POSITION .27 02 811417112 7C *05 - . 110441 37681468F* OS **729967 069220 3 2E* 03 - .... . .292Q6606942832£*05 

VELOCITY 1398490973?75BF*01 . 3 40 95 391 77344 7E*0 t -. 2 8622707 471778E* 00 .369633 36052906E*Q1 


S/C ACCELERATIONS x • ... — y -Z - MAGNITUOE 

PRIMARY BOOY - . 4324 30 081 595 86E- 03 -. 1 766989346T295E-0 3 . 1 1678939 836739E- 04 . 4 67284 374465 1 3E-CJ 

PERTURBING BOOIF5 . 22497 7097 1 8834E-0 8 -. 1 4988 2931 37367E-09 .291690928695967-10 . 22549467589475E-08 

- THRUST . 32231045891992E-07 - .. -.-*10510 196844234E-0& . 16298301793796E-C6 . 1 965927980 0 11 2E- 06 

J? ♦ RAD. PRESSURF -. 3 0 799690 2943 76E- 07 -. 16260 268 793049E-07 7 64356 31 4593B6E-08 . 55657 1 9788235 2E-0 7 


JULIAN DATE — 2444327. 0 P 0 000 0 0 

DAYS FROM LAUNCH — r, fl ng 00 009 

HAYS FROH CUTDFP — 3.00000000 

NOTION IOE&/SECT-- .0 07 23640 049519 


CONTROL- PHASE -*> 3 

PRESENT HASS I KG> — 4979.0 028 30694 

R RESENT PTTCH tOEG>-- 46,093786815 

.-PRESENT- -TAN ... TQE 0. 8 635 48059 - 


PRINARY BOOY — EARTH 

FLUX (E14t — 0 .00 00000000 

flux rate IE14/SECI-- o. 

AVAILABLE PONER-tlOO— 14.425 0 00 00 00 


======= ECLIPTIC ======= 

BODY RELATIVE S/C STATES 
SUN POSITION 
VELOCITY 


X 

14793 5386996 87E* 39 
•5S2261454 31334 F- 01 


r ....... - 

2068174244 0894E*C8 
-.2882861357 24 60E*02 


— - - 2 

-.213426 31 736928E* 04 
759742DJ753684E-01 


MAGNITUOE 

. 14934436038110E*09 
.2802877248 295 3E *02 


EARTH POSITION 
VELOCITY 


. 62817690 716115E*04 
-. 358652 ?6385395E*P1 


.2 88615 974 1534 5E* 05 
,76113596995810E*00 


-.21 34 26317159 28 E* 04 
-« 7597420375 36 84 E- 01 


•2961431271158 4E+05 
.36713880 37284 2E *01 


S/C ACCELERATIONS 
RRINARY BOOY 
-PERTURBING BODIES 
TH°UST 

J? ♦ RAO. PRESSURF 


X Y Z 

96409652892494E-04 44295423831285E-03 . 3275566853 8129E-04 

.95948027621692E-09 98052409083616G-09 *05014134 524591E-10 

15752821127329E-06 - . 1142243353811QE-06 , 30 3419 31 142940E- 07 

-. 3510690659540 9F- 08 248990 74 34 881 4E-07 -. 1903 10 23694503E-0 7 

*,*#*.* **.******* »•* V * ****** ************************* *1 


MAGNITUDE 

. 45450655906329E-03 
• 13 7450 38006Q3BE-08 
. 196933 92020Q91E-06 
.3153519 892701 8£ -07 


os 

s 

gS 



***« CONTROL PHASE- CHANGE **»* - - 


JULIAN DATE — 2444321 . 09 000 0 0 P 
DAYS FROM LAUNCH — 1.00000000 
DAYS FROM CUTOFF-- 6.03000000 
MOTION tOEG/SECT -- .00723540049519 


CONTROL PHASE 

PRF SENT— MASS IKGI -- 

PRESENT PITCH 10EG>~ 
PRESENT YAH tDEG> — 


2 

4997*119729520 

279.720701526 

56.242701526 


PRIMARY BOOT 

FLUX -- . - IE14I — 

FLUX RATE (E14/SFC) -- 
AVAILABLE POWER 1 KH1 — 


EARTH 

0 . qo no 00 0000 

0 . 

14.4250000000 


THRUST PHASB 
DURATION 
IDIYSI 
3.8000000 


THRUST PHASE 
THROTTLING 

1. 0040825 


THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 
AO = PITCH Al A2 A3 = YAW OF A4 A5 

IDE G) T0EG*S£C1 IDE&.SFCJ LOEG*5£CJ - THRUSTERS (OEG.SECI lOEG.SECi 

279.7207015 .0071700 13.0000000 -6.7572985 6.0300 0.0000030 63.0000000 


======= ECLIPTIC ======= 

BOOY RELATIVE S/C STATES 
SUN POSITION 

VELOCITY 


X Y Z MAGNITUOE 

-•148998316O2808E* 09 53045768 156202£*D 7 .236568 756871425*04 . 149092711 82721E*09 

• 41 76537&89&394E* 01 --*289656776 1101 U£>02- --**77025C224Z8C43E-01 . 29265335799177E*02 


EARTH POSITION 
VELOCITY 


.70f?3 237420059QE*04 2776798468630 0E* 05 . 2 365687568 7142E* 04 . 28 7545693 07997E*05 

• 360826801Q4452E* 01 *9111970? 7 5614 7E* OO « 27 02 50 22 420041 £--r.fl 1 .37 2Z8Z9725QZ7.l£*0i 


S/C ACCELERATIONS 
PRIMARY BOOT 
PERTURBING BODIES 
THRUST 

J? ♦ RAO. PRESSURE 


X 

-.11875575504/136-03 
,4 4780 89356 707 ?E- 09 
• 10720183? 780 18E- 06 
-.49730120158273 F- 08 


Y 

. 4 6554 96 196922 2E- 0 3 
.1137B573050643E-D8 
.22316423969048E-Q7 
.28965500 649637E-0 7 


Z 

39662515424468E-04 
-.94732712433150E-10 
.16382764241416E-06 
. 2017955613 3724E- 07 


MAGNITUBE 

.482091 708055 80E-03 
.12264962805489E-08 
. 197052663390 22E-06 
. 35650 3 2345070 4E-07 





CONTROL PHASE CHANGE 


»•** 


JULIAN OATF — 2444324,00090001 
DAYS EROH LAUNCJT-- 4.00000050 
DAYS FROM CUTOFF — 3.000A100C 
NOTION (QEG/S C CI — . 0 072 5541 076279 


CONTROL PHASE ■ — $ - 

PRESENT MASS (KGI-- 4900 .443642124 
PRESENT PITCH IOEG)-- 337.952000000 
PRESENT TAN- IOEG) — 56,090004900- 


PRIMARY BOOT 
FLUX (E14>-- 

FLUX RATE (E14/SEC1-- 
AVAILABLE POWER IKH> — 


EARTH 

0.0000080000 

0. 

14.4250000000 


THRUST PH BSE 
PUPATION 
WAVS) 
6.0000000 


THPUST PHASE 
THROTTLING 

1.0100100 


THPUST PHASE 
A0 = PITCH 

IOEG) 

337.9521000 


THRUST PHASE 
AL 

IOEG, SEC! 
.0071700 


THRUST PHASE 
A 2 

I DEG « SEC ) 

10. 0005000 


THRUST. PHASF NUMBER 
-A3 - YAH — OF 

(DEG, SEC) THRUSTERS 

-7.0000000 6.0000 


THRUST phase 

A4 

( DEG, SEC) 

0. 0080000 


THRUST PHASE 
A5 

I DEG, SE Cl 
63.0000000 


BODY 

=== ECLIPTIC ======= 

RELATTVE SFC STATES 

X 

SUN 

POSITION 

-• 14863 09141 52 79£*09 


VELOCITY 

.7127669791 0656£*0 0 


V z 

«,13000110t35360E*08 *. 730 00702 765487E* 03 

26374 572743653E* 02 26621«2l683949E*00 


MAGNITUDE 

.149198362 9466 5E *09 
• 26 38 5 7 545 654 65E +02 


EARTH POSTTTON 
V EL 1C TTY 


. 27027903984121E* 05 . 11044566388195E*05 »*-73fl0079276S4e7E*03 — .29206557395752E*05 

-.1391 5512 7# 450 IE *01 . 34095186104658E*01 -. 266210 2L68 3949E* 0 0 . 36963067658 315E* 01 


S/C ACCELERATIONS X - — V 2 — - — MAGNITUDE 

PRIMARY BODY - . 4 324 2 09195 1 330E- 03 1 767 05925 0107 3E-0 3 . 1 16796385B3611E- 0 4 .467285 959 90 334E-0J 

PERTURBING BODIES . 2 749 7S83267296E- 08 14989908484936E-09 .29170689482786E-10 . 22549352969550E-06 

THRUST , 32231044128579E-07 .10510 196835266E-06 _1429*301794902E- 06 . 1965927980Q113E-Q6 

j? » RAD. PRESSURE 30799444777687E- 07 16260 8 8090 6592E- 0 7 -.76438U84973754E-10 . 356574 040 66566E-0 7 


JULIAN DATE — 2444327 ,00 0100 00 
DAYS FROM LAUNCH-- 7.090Q n 001 
OAYS FROM CUT HEM-- 0.03011000 
MOTION IDEG/SEC) — .60723541876279 


CONTROL- PHASE 


3 . 

PRESENT 

MASS 

( KG) -- 

4979. 80263(1694 

PRESENT 

PITCH 

IOEG) — 

46.093994674 

POESEHT- 

YAH - - 

«OEC> — 

- 8. 85*509*98 


PRIMARY BOOY, - — 

FLUX IE14I-- 

FLUX RATE (E14/SFC) — 
AVAILABLE P0M£R-4*WI — 


EARTH 

0.0Q00Q00000 

A. 

14.4250000000 


======= ECLIPTIC ======= 

BODY RELATTVE S/C STATES 
SUN POSITION 
VELOCITY 


-.147955T9C?6934E*09 -*20661 741B62156E*Q8 21342 8 0176 77 09E*04 

.58125 94 180301 3E -01 2 68290 1634368 BE* 02 7593B967320921 C *0 1 


MAGNITUDE 

. 149344 36 354 190E+ 09 
« 28 6 29 1 7495 69 l7t* 02 


EARTH POSITION 
VELOCITY 


627849 T 3 991 34 9E* 04 
3586622B42217BE*01 


. 268 62 176 15 26 39E *05 
• 780733198 7.3044E*00 


•21 342601 76 770 9E *04 
.75936967 320 921F-01 


•29614 1839956 78E*05 
. 3671399524251 BE *01 


S/C ACCELERATIONS 
PRIMARY BODY 
pFRTUPBING 90DIPS 
THRUST 

J2 * RAO. PRESSURE 


t Y Z MAGNITUDE 

-.963606849655 76E-Q 4 -• 44296889644742E-D3 . 3275635661 0599E- 04 . 45451 0 51 0 031S4E-03 

. 95 92 3 6496 5 90 06E- 09 -.98059 9 466 3 3 9 4 7E- Q 9 ^AS0J4*10 5 72632E-10 . 13743874623061E-08 

-•15 7530764750 18E- 06 . 1 1422533047969E-06 . 3 03248 19 16 3349E-07 . 1969S392020093E-06 

-.350674400 4 5390E-0 6 24699207656449E-07 -• 1903195224 7839E-07 . 315J5647174777E-07 


AL PAGE IS 
)R QUALITY 



estimated trajectory conditions for nonlinear TARGETING 


ITERATION NUM9FP 1 
TRAJECTORY SRATE AT 

X 

Y 

z 

vx 

V Y 
V ? 

S/C HASS 

S/C ORBITAL ELEMENTS 
A 

F 

T 

NOOf 
APSTS 
H A 


7.00000 0AYs»j.n.= 

ESTIMATE 

.f89460655429E*04 
. 28504756269FE *05 
-.2196569790276*04 
-.3533843?4G27E*Q1 
. 97791957492 4E *00 
-.96703^4 12 AQ4E-01 
4979. 80283 


2444327. 00000) 
REFERENCE 
•562392733619E* 
.2098906 29 713E* 
- . 222454 1461 89E * 
-.1603142414B3E* 
•699154466 145F* 
7iJVfefe2 12191 0E- 
4979. 838 


. DEVIATION 


04 

.22706 7921610E*04 

KM 

05 

48430670167 9E *03 

KM 

04 

. .2797166161686*02 

KM 

01 

.6929916855806-01 

KM/SEC 

00 

. 27876510877 9E *00 

KM/SEC 

01 

--.226371290 3 94E- Cl 

. KK/S 6 C- 

11 

-.03528 

KG 


ESTIHATE 

. 29690657267 ?E *05 
.00203782 
4.50636596 
1 84.08199769 
191.66969973 
58.62410102 


REFERENCE 
.2964959630 37 E*05 
.00197557 
4.45855352 
183 .97618124 
- - 283.38768681 
51.52277713 


DEVIATION 

.410 60 96 3487 8 F *02 KM 

.00006275 

.04781244 DEG 
.10581645 DEG 
. __-U. 71798708 DEG 
7.10132390 OEG 


O C 
_3 to 

HH 

50 a 

gg 

■§«- 

>_o 

U m 

*r 3 

»— 1 

■-? O 


A 


TARGET VARIABLES 


°CA 

A 


ESTINATF 

.2963015 31 865E*05 
,29690657267?E*05 


REFERENCE 
.295910216000E+05 
. 2964959631 12£ * 05 


OEVI ATION 

. 391315864 746E*02 KM 

.41060 95 59531E * 02 UN - 


QUADRATIC ERROR FUNCTION TO MEASUPE RATE OF CONVERGENCE 
0 = .7811125 34 38 6 E *02 FOR IfERATIQN NUMBER 1 


PHI 

X 

V 

z 

vx 

VY 

V? 


MATRIX n VER T ° A Jf C T ORT 
X 

-.212608 ?87?fclE*31 
.1669824Y3622E+01 
■ ».2172!I91f , 873SF*30 
.2 79666 44953 RE -3 4 
-.336024256Q22E-03 
.2943422761 R2E-04 


ARC 1.00000 TO 
Y 

. 15013156168 9E*0? 
-.64T068140063E*01 
.73777635568 82*00 
.3771545 87674E- 0 3 
.186959390298E-02 
-• 16 24587 824 76E -03 


7. 000 00 DAYS 

2 . .. VX 

-.145731 38 7222E *01 11785l293647E*06 

.52832524406 0E *00 . 5 45 1028 11640E* 05 

-.88302367819 EE *00 *..664.86X1978166*84— 

-. 37 8873546 644F -04 237 23 363188 OE* 01 

1 86488 2384 44E -03 - .144 989 30 0 745E* 02 

-.515633 172144E- 04 .1217410 175186* 01 — 


VY VZ . 

-.522 017730052E*05 , 324219650672E*04 

. 143034 170251E*05 - .5 8 t 8195279 06E* 03 

-=..166291630 0 6 4E*0 4 .426545 758956E* 04 

-. 18TB15854192E*0 1 . 1 2 2564 2 94 34 8E* 00 

- . 587637 192320E*01 .2947742 80620E* 00 

.411991686 521 66* 0 0 _ =.SQlQ201£6345£ffl0 .. 


THETA MATRIX OVER TRAJ" 
f ALL ELEMENTS ARE IN IN 
THROT TLING 

X -.16269 734400 RE *3 

V .35 94 3167696 0E* 1 ) 

7 .648?993498?6E»J 

VX -.53i227223331E*1 

VY -.1985t3975n44€*0 

V7 ,211778365758£*0 


CTORY A Dr 1.00030 TO 
TERNAL UNITS) - - 

PITCH ANGLE 
7 92408734961 5E *07 

6 .20 44549160666 *07- - 

5 .35699061715 3E *06 

2 -, 301830 6 847 11E*03 

3 -.11274870Q419E*04 - 

2 ,H8770354780E*03 


7.05000 OATS 

YAM ANGLE 
-.92596 233823 06 *07 
-.7047865081106*07 
, 35689319611 9E *06 
-.302404899219F+03 
-♦11 2-9794 711 SJE *94- 
. 118972244668E*03 


ETA MATRIX AT THE TARGET POINT — — — 

( ALL ELEMENTS ARE IN INTERNAL UNITS) 

X Y Z VX VY 

CA . 121861 2169616*0 1 . 1 195611959566*91 -^.87.1 54548 38246 ^ 81 - . 95 . 175 99468616*0 4 - . 4S77237 76175E *04 

A .5334820371356*00 .1926223341146*01 -• 1484343165 07E *03 -.156305267665E*05 .4 32 5430 731 99E+ 04 


VZ 

— 4 . 307 Q 22 S 94 70.96* 03 
-.4277288 960876*03 


TARGET/CONTIWL SENSITIVITY MATRIX! - .2-1 3) 

I ALL ELEMENTS ARE TN INTERNAL UNITS) 

THROTTLING PITCH ANGLE TAW ANGLE 

RCA -»1388084040 5QE*06 -.78 3 3 8 9 3 0 8 2 0 76 * 86 -^ . 7 96 1 8 7 4 9 29196* 06 

A -.222619190577E + 06 -. 12 54467214T7E + 0 7 -. 1259162600 0 9F*(1 7 


OJ 


I 

m 



GUIDANCE H AT? 1 X I 3 X 24 FOR NONLI*CAR Gl)IO*NCt CORRECTION 
( ALL ELFMEnTS ARE IN INTERNAL UNITS I 

RCA # 

.4063 54093 85BE-0 2 - • 2 537 394540 03E-O? 

•n. 171571828452E-02 . 10ft 341Z99398E-0? 

. 101O8142460OE-O2 61155732391 4E-03 


THROTTLING 
PITCH ANGLE 
YAH ANGLE 


ESTIMATED CONTROL CORRECTION FOR ITERATION 1 IN INTERNAL UNITS 

OLD TONTROLS UROATES NEM CONTROLS 

THROTPLING .10D4Q8248290E«-ei -.54824956980i£-01 - .94925752S9?4£*80 “ 

PITCH ANGLE ,488204722761E*01 .234354 3692 16E-0 1 . 49054826645 JE*01 

YAM ANGLF - . 11 8111639844E*00 - . 1362241 7b 18 IE- 0 1 - . 131 7 J4057462E*00 

* ••• *••*••••*••»*•••****•••**•*••**••*******• •••********-*****-*^*******' f ' f, **-* L ***-* 


%% 

%v 


.. -(lit CONTROL PHASE CHANGE ***■• 


JULIAN DATE -* 7444321. 000C9Q09 

-OATS FROM LAUNCH-- - 1.000080*0 

DAYS FROM CUTOFF — 6.00000000 

MOTtON IDEG/SECl -- .0 0721541876279 


CONTROL PHASE — 2 PRIHARY BOOY 

PRESENT HASS IKGI — ..-499T„ 119729520 FLUX 4E14J 

PRESENT PITCH IDEGI — 281.063453152 FLUX RATE IE14/SECI 

PRESENT YAM YOEGI — 55.452194489 AVAILABLE ROHER (XMI 


EARTH 

a.ojoaaaoooo 

o. 

14.4250800008 


THRUST PMAS9 
duration 
(OAYSI 
3.Q009000 


THRUST PHASE 
THROTTLING 

.9492575 


THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 
AO x PITCH A1 A2 A3 ■ YAH OF A4 A5 

IDEGI - COEG.SECJ (OEG.SEC) TOEL^SECI- — THRUSTERS (OEG.SECJ IOEG.SEC) 

281.0634532 .0071700 10.9000000 -7.5478055 6.3000 0.0000000 63.0900000 


»»*«•■« FCLIPTTC «•««*»» 
BOOT RELATIVE S/C STATES 
SUN POSITION 
VELOCHT 


X Y z 

L4B998H60 280 8E*09 -« 53045 768 15670 2E* 0 7 . 236568 75687142E*04 

. 41765376896 J94F* 01 - -.2896567761l8t4£*0? --- — 7702502242S043E-01 


MAGNITUDE 

•149092 7110 2721E *09 
.29Z65335799177E»02 


EARTH POST T tON 
VELOCITY 


•7Q8323742O059OE*O4 -. 2776790468610 0E»0S .236568 75687142F*C4 

, 1600 2680 10L452E*O1 - — -.413197*2 75M47E *90 -.7702 50 2242 00 43E- 01 


♦Z8754569T07997E*O5 
. J7228297250271E*fll 


S/C ACCELF-RAYTONS 
- PRIHARY BODY 

PERTURBING BODIES 
THRUST 

J7 * RAO. PRESSURE 


X Y * 

1 10 7 5 575 6047 «E- 83 - 465549G1969227E-0X -.3966351542 44 68 E* 04 

• 447888935670 72E-99 . 1 137857305 0643E-08 " 9473 27 1243315 0E-10 

.10289770215999E-06 . 23949152147694 E-07 . 15343935 3848Q6E-"6 

-. 49730 120 1502 7JF-9A .289655006496 J7C-07 . 20 179556 13372 4F- 07 


MAGNITUDE 

•4S2U91788855S0E-03 
. 1 2 2649 82 8 0 548 9E- 08 
•186293 18498364E-06 
. 35650323450 70 4E-07 


»»*• 


CONTROL PHASE CHANGE 


JULIAN DATE — 2444324.80090000 

DAYS FROM LAUNCH-- 4.0900000’* 

DAYS FROM CtJTOFF-- 3.00009009 

— MOTION I DEG/ SECT— -.00724476146398 


.... ...CONTROL-PHASE — 3 PRIMARY BOOT — EARTH 

PRESENT MASS 1 KGt — 4988.917374239 FLUX CE14I— 0.0000000000 

PRESENT PITCH IDEGI— 337.95280 9000 FLUX RATE IE14/SECI— 0‘. 

P96SENTY AW IDEGI * 66.000300000 AVAILABLE-POWER- TKWI — - 14.4250300000 


THRUST PH ASS THRUST PHASE 
- DURATION THROTTLING 

IOAYSI 

6.0 0900 90 1. 00009 00 


THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 

A0 * »TT€M *4 A2 A 3 = T AN OF A4 A5 

(OEGI IOCG.SECI TOEG.SECI (OEG.SECI THRUSTFRS IDEG.SEC1 IOEG.SECI 

137.9520000 .0071700 10.0000000 -7.0000000 6.0000 0.0000000 63.0000000 


e*i«:= ECLIPTIC ***■»=» 
BOOY RELATIVE S/C STATES 

— SUN POSITION 

VELOCITY 


• 63256 41 828 575 IE* 00 


-.264069881612507*02 


’9308748 BZ61A3£*03 
-,Z8419217965791E*00 


MAGNITUDE 

. 14 9198 5964994 7E* 09 
•264160921 8618 IE *02 


— -EARTH POSITION 
VELOCITY 


.. . 267391 75385135E* 05 .116652309252876*45 -^7930 87 488 2 51 835*0 3 ... .2918372606910 8E*05 

1478 7 540 74 699? E* 01 . 3 J771 fl 31 928686E* 01 2 8419217965791E* 00 . 369760798 13444E* 01 


-S/C accelerations 
PRIMARY BODY 
PERTURBING POOTEtS 
THRUST 

J2 ♦ RAD. PRESSURE 


x 

-.42881430054255E-03 
.223340434777526-08 
• 3222 8 370160442E- 0 7 
-. J0303374259964E-07 


-. 18707 433 866985E-03 
17713944938794E-09 
.105091843201786-06 
1709694S192693E-07 


Z 

. 1 27 1 8689 0 26 3 20 E- 04 
•31 69 12 9204506 2E -10 
.1629675590 3254E-06 
-. 804204840900 87E-08 


— MAGNITUDE 

,46801739026355Et03 
•22406422511141E-08 
.196574 130 1590 IE-06 
•35710986671811E-07 


131-F 
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- JULIAN DATE — 2444324.00000000 

DAYS FROM LAUNCH — 4.00000000 

OATS FROM CUTOFF-- 3.00000006 

MOTION IOEG/SECI-- ,00724444536269 


**♦» 


CONtROL PHASE CHANCE 


CONTROL-PHASE 
PRESENT MASS I KGI 
PRESENT PITCH IOEG) -- 
PRESENT- YAM - IOEG) — 


3 PRIMARY BODY — 

4988.917374239 FLUX IE14I — 

337.952009000 FLUX RATE (E14FSECI — 

5 &.coooeoooo available pomer ikmi-- 


EARTH 

O.OOOOOQOQOO 

0 . 

14 .42509 00009 


THRUST PHASE 
DURATION 
IOAYSI 
6.00900 00 


THRUST PHASF 
THROTTLING 

1. 0000900 


THRUST PHASE TH»U5T PHASE 

AO = PITCH A4 - - 

COFG> IOEG.SEC) 

337. 9570009 .0071700 


THRUST PHASE 
- - AZ ... 

IOEG.SEC) 

10. 0000000 


THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 

A? j- Y-AH -OF A 4 A 5 

IOEG.SEC) THRUSTERS IOEG, SEC) IOEG.SEC) 

-7.0000000 6.0000 0.0000009 63.0000000 



ECLIPTIC -= t = 1 «= 
BODY RELATIVE S/C STATES 
SUN POSITION 
VELOCITY 

-EARTH POSITION 
VFLOCTTY 

-S/C ACCEL FRAT TONS 
PRTNARY MOOT 
PERTURBING BODIES 
THRUST 

J2 * PAD. PRESSURE 


X Y 7 

- . 1 4 86 3 1 1 9 85 8 3 90E* 09 1 2 9994^97 25651 2F*B8 — — -h.J-9 1A25 AO 54 77« E * 0 3- 

. 6 3365 8974 5 96 7 0E* 3 0 -.26406600409438E* 02 -. 2 0466354 929433E*C 0 


MAGNITUDE 

1491 9859289 56 3E *09 
26415735882540E402 


.26743472 889764F*05 »U65 74472 36*9 9E*4S -^79182 58054 7732E*© 3 

-.14776592829690E*01 . J3774909446B02E*01 ZB4663S49294I3E*00 


.29164523 3 968 24 E* 05 - 

i 3697560732 99 8 4E *01 


■■ X — * 

- • 42884 A 06 8 5853 2£- 03 1 B6934 35 045831E-0 3 

. 223366300 137 82F- 08 -.176791 1768 9394E- 09 

. 32228365814781E- 07— . 10509l84507554f-06^ 

-. 30307227448524F-07 -. 1708 5245587667E-D7 


2 

126974 1476 16 B6E- 04 
31640 78840 733 IE-10 
162967 55868361 E- 06 — 
8037066510 531 7E-0 8 


... MAGNITUDE 
467991 8179330 2E-03 
22408 71853418 7E-0 8 
196574 1301590 0E- 06 
35707715559086E-07 


JULIAN DATE — 2444327.00000900 
DAYS FROM LAUNCH-- 7.83000000 
DAYS FROM CUTOFF — O.QDOOOOOO 
MOTION IDEG/SECI — .00724444536*69 


CONTROL PHASE — 3 

PRESENT MASS IXG)-- 4980.276562808 
PRESENT PITCH I DEG) -- 46.188690042 

PRESENT YAW - - I OEG) -- 6.3561R21 7 0 


PRIMARY BODY 
FLUX T£14|- 

FLUX RATE IE14/SLCI- 
AVAILA RLF POMtR TUNI- 


CA RTH 

0.0000000000 

0 . 

14.4250000000 


ss«i==: FCLIPTTC • 
— BODY- RELATIVE S/C 
SUM POSITION 

VELOCITY 


STATES - 


... x 

14790 75730 8451E* 09 
77530 133502819E- 02 


-.206B1 3923069646*08 -.218305 13042232E*04 

-.290976980794206*02 -.54655640623415E-01 


EARTH POSITION 
VELOCITY 


. 40 95682229310 7£* 04 .2 92117 J1 3454P 4E*05 -. 21830513042232E* 0 4 

-,36369957706706E*01 . 5 12»J5146299B66E*00 5465 5640 623415E-0 1 


S/C ACCELERATIONS 
PRTNARY BOOT 
— PERTURBING BOOI&S 
THRUST 

J? ♦ RAD. PRESSURE 


•.63089594 14 82 95E- 04 
. 7 q&0 3 63667 96 82 £-09 
►. 15862 6468 07051E- 06 
■ . 2247 63937 7828 3E“ 08 


-. 4499 75 40 6 2 367 2E- 53 

L*- 0 - 8 - 


• 1 1462 142780577E-06 
-.2494140454702SE-07 


2 

3 3627 565 09 8 36 IE- 04 

217982 33690394E-0 7 
19351760406979E-07 


— . MAGNITUDE 

. 14 9346 4 769 195 IE *09 

,2909775G443451E*02 

• 2957812661607 3E* 05 
.3673 27131600616. *01 


MAGNITUDE 

.4556 1933260 359E-0 3 

^13042709219 643E-0 8 

■ 19691 5 1875 21® BE- 06 
. 31648320246109E-07 
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ESTIMATED TRRJECTORY CONDITIONS FOR NONLINEAR TARGETING 


HERAT ION NUMBER ? - 

TRAJECTORY STATE ':AT 

,'X 

Y 

7 

V* 

VY 

. V7 

S/C MASS 

S/C ORBITAL. ELEMENTS 


T 

MODE 
ARSTS 
M A 

TARGET- VARIABLES 


7.00000 OAYS(J.O.= 
ESTIMATE 

.903s559078&9E*09 
,292183696966E*05 
-.2181123563776*09 
-,3638G9506935E*01 
,5050171P0398E*00 
-.5302*5O79232E-O1 
•*980. 27656 


ESTIMATE 

.29&132772173E*05 
,00707079 
9.31057216 
L03. 30*95925 
705.39191993 
53.27090975 


2999327.00000) 

REFERENCE 

.5623927338195*09 
,2*9890 62971 3E *05 
-. 2229591951 89E*Q9- 
-.36031929198 3E *01 
,699159966195E*00 
-.7386621 219 I3E-01 
9979.83811 


DEVIATION 

*•1505373 25955E*09 KM 
•2293C6675250E*O3 ** 

..93 91784 8121 6£*0-2 — KH 

-.3995269 951 95E-01 KH/SEC 
*.1991372 85 797£*00 KM/SEC 
.203 3760976 7 4E-OA. KM/S6C- 


.93896 KG 


REFERENCE 
, 2969959631 37P*Q5 

. 00197557 - 

9.95055352 

183.97618129 

203.38768681 

61.52277713 


KM 


OEVIATION 
■. J 6319086709 * E *02 

..000 09523— — 

-.19798136 DEG 
-.66772199 DEG 

2 . 0037976 - 1 — DEG — 

1.79013263 OEG 



or* 

A 


ESTIMATE REFERENCE 

.29551 959219 YE* 05 . 295910 2160 OOE *05 

. 296132 77217 0£*05 - -.296996 9631 12E* 05 


DEVIATION 

- .39067 38 06666 E * 02 

- ^S6319199C393E-* -02- 


KM 

KH- 


QUADRATTC ERROR FUNCTION TO MEASURE RATE OF CONVERGENCE 
QUADRATIC f OR ITERATION NUMBER 1- 

0 - .792911 75399&E+0? FOR ITERATION NUMBER 2 


PHI MATRIX OVER TRAJECTORY 
K 

X -.20736172595 IF *91 

Y ,1523751??988E*01 

l - » 16 999 9 78772 7E *0 0 

VX .79 591797162 5F -09 

VY -.305926598093E-03 

V7 .29903290901 2F -09 


ARC 1.00000 TO-- 
Y 

. 15352159131 3E*0? 
-.99917330161 8£*0 i-- 
.9998993511065*00 
♦1095Q9950112E-03 
.186722939955E-02 
-, 15090669225 5E -03 


■ 7 -. 00 000 - DAYS 

Z VX 

- 19107127726 6 E *01 -. it 9720799899 E *06 

* 32 7 060 7859 86 E * 00 — . 39 1 91 - 7 - 75 9 66 3 E 90 S , 7992636432 98 E * 09 . 

92200179293 9 E *00 -,978 755238 26 <) E *09 

-.10 7 95 270 99 2 7 E -09 -• 23129 8678 395 E * 00 


VY 

-.5901293878755*05 


-. 89058998751 1 E *0 3 
- . 101911925966£*0 1 


- 177196790036 E - 0 T ^ 46 i 2 iilB 3928 E *«~-^ lA 7 - 74959 lS 8 e * 01 - 
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V 2 

, 338398697199 E *09 

?-* 26311 l 950375 E *03 
. 3 36 30 9 7 238 08 E * 09 
. 679976763795 E -01 
* 3089905 2019 SE * 00 
-. 8633619939316*00 


THETA MATRIX OVFR TRAJECTORY ARC 1.00000 TO 

1 ALL ELEMENTS ARE IN INTERNAL UNITS) 

THROTTLING 

X .10 5797933«1 6E* 06 

y -.129399699977E*05 

2 -.12O*76759003E*"9 

VX .20? 20 917270 2E* n 1 

VY .1303909 3583 6E *3? 

V7 -.131 60 199 878 IE *01 


7. 08000 QAYS - 


PITCH ANGLE 
,3J19O553&867E*06- 
*.3622010 27 217E*05 
*• 10 665 606290 7E *05 
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YAM ANGLE 
— . 32 7320 1929886 * 06 - 
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-. 11095 13920 5 IE *05 
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ETA MATRIX AT THE TARGET POINT 
IALL ELEMENTS ARE IN INTERNAL UNTTS) 

RCA .9079692289S8E*OO . 1276992869/ 1E*Q 1 

A .273766509990E*30 . 19*0662 1171 3E ♦ 0 1 

TARGET /CONTROL SENSITIVITY MATRIX I Z X 3) 

< ALL ELEMENTS- ARE IN INTERNAL UNITS) 

_ THROTTLING PITCH ANCLE 

RCA . 1923S2788699E*09 .5399161 79182E*09 

A - . 192218T169O8£*09 . 5831751 80 189E*0 9 


~*X- 


VY 


vz 


-. 917619 171 018 E - 01 - . 753327707370 E * 09 

-. 197 05 959666 7 E *00 -. 1600787570796*05 


- • 590 68 122819 2E* 09 
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-. 236899612265 E +03 


Y8 H AN c L r 


• 52789518 9958 E * 09 
. 57692 33699 93 E * 09 
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GUIOANCF HftTpixt 3 X ?> FO» NONLINEAR GUIDANC C CORRECTION 
tALL ELEMENTS ARE IN INTERNAL UNITS I 

RCA A 

THROTTLING ,77499659930X6-02 - • 713394047056E-03 

PITCH ANGLE i 109 0652062426-0 2 -. 92264975 1 049E-03 

- TAN ANGLE >». 30 1635393 748E-0 2 . 2 867812 82217E-0 2 


ESTIMATED CONTROL CORRECTION FOR ITERATION 
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- — - YAH ANGLE -.131734957462E*0« - 


2 IN INTERNAL UNITS 

UPDATES - -NEH CONTROLS — 

.4367261107 31E- 01 .9929301 37 79GE *00 

. 909914729297E-02 . 49 145 818118 2E +01 
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*ONTROfc--PMASE -- — -- 
PPESFNT MASS (KGI — 
PRESENT PITCH (DEGI — 
PRESENT- -YAH -- - «OEG» — 


2 

4997.119739530 
381.584795089 
54 . 664119956 


PRIMARY BODY — 

FLUX IE14» — 
FLUX RATE (E14/SECI ““ 
AVAILABLE POWER t KMI •» 


EARTH 

0 ,0000003000 
0. 

14.4350000000 


THRUST PHASE! 
DURATION 

ioaysi 

3.0000000 


THRUST PHASE 

THROTTLTNG 
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AO = PITCH 
1DEGI 

381.5847959 


THRUST PHASE 

-44 

(0EG.S6CI 

.0071700 


thrust phase thrust PHASE NUMBER 

A3 AJ.s-.YAM OF 

<OEG,SCCI Y0EG.S6C) THRUSTERS 

19.0000000 -0.3318000 6.0000 


THRUST PHASE THRUST PHASE 

A4 AS 

( DEG. SEC) (DEG.SECI 

0.0008000 63.0000000 


===== s3 ECLIPTIC —===*= 
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V EL DC T TY 
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X Y 2 
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JULIAN DA T ff — 2444324.00000000 
DAYS FROM LAUNCH-- 4.00800000 
DAYS FROH CUTOm — 3.00900000 
MOTION TOEG/S ECI -- ,0 072350 3107552 


CONTROL PHASE 
PPESFNT MASS CKG1-- 
P RESEPT— PITCH IDEGI-- 
PRESENT YAM IDEGI-- 


3 

4988.540007435 


337.9530 80800 — 
56. 000000000 
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FLUX (E141- 

PLUX RATE -4E14/SCC) — 
AVAILABLE POWER <KW>- 
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o. . . 
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THRUST PHASE 
DURATION 
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THROTTLING 

1.6000300 


TMBUST PHASE- THRUST— PHASE- THRUST PHASE — THRUST PHASE -NUMBER — THRUST PHASE- THRUST PHASE 
A0 = PITCH A1 A? A3 * YAM DF A4 AS 

(DEGI (DECr.SE Cl iOEG.SECI (DEG.SECI THRUSTERS (DEG.S6CI (DEG.SECI 

337.9520000 ^0931780 13. OOOO OOO -J-^WSOOOO 6.00 00 0.0000800-- 63.0000000 
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**** 


CONTROL PHASE CHANGE 


**** 


JULIAN CATE -- 2444324. 00 n DOB O'? 

DAYS FROM LAUNCH-- 4. 0 0 0 0000 0 

OATS FROM CUTOFF — - x.OOOOOOOO 

MOTION (CEG/SEC) -» .0972353549*040 


CONTROL PHASE — 3 

PRESENT NASS (KG1 — 4988.540007435 

PRESENT — PITCH (DEC) -«■ - 3 37. 952900080 

PRESENT TAN (DEC! — 56.000000000 


PRIMARY BOOT 
FLUX IEI4I-- 

FLUX RATE - IE 14/SECI -- 
AVAILABLE POWER CKWI — 


EARTH 

o.oooaoooooo 

0. 

14,4250000000 


THRUST PHA^E 

ou»atton 

(OATS) 

6.0 0 AO 0 00 


THRUST »HASE 
THROTTLING 

l.oooooeo 


THRUST PHASE 
AO = PITCH 
tDFGI 

337. 9520000 


THRUST PHASE 
A1 

(OEG, SECT 
— .0071700 - 


thrust phase ...thhust phase number 

A2 AT = YAM OF 

I DEG i SEC) (OEG, SEC) THRUSTFRS 

-• io. 0030000 -7*400 itaaa s.oooo 


THRUST PHASE 
A4 

I OEG, SEC) 

0.00000 00 


THRUST PHASE 
AS 

(DEG, SEC) 

- 63.0300000 


“="•= ECLIPTIC = 

ROOT RELATIVE S/C STATES 
SUN POSITION 
VELOCITY 

EARTH POSITION 
VELOCITY 


X 

-•14863C9S045632F+ 09 
.7D250968073456E+00 

. 269916034 C 8299F+05 
-.140880 85 76822 1E+91 


— T . ... 

-.13O0C019874654E+O8 

-.26178898717243E+02 

. 1UJ4828893SS9E + Q5 
.340519263687505+01 


Z 

-.74032144 49 8089E +03 
285988 72 162756E+ 00 

740 32144498089E+03 
-.285988 7216 2756E+ 00 


MAGNITUDE 

. 149198 39 124750E+Q9 
.26389801191654E+OZ 

. 2920751590997 IF +05 
. T69619643C0147E+Q1 


S/C BCCFLFRAT TONS 
PRIMARY BOOT 
PERTURBING BOPTFS 
THRUST 

J 2 + PAO. PRESSURE 


* y " - - - " - j. 

4318055716B081E-03 -. 1 781 324B582925E-0 3 . 11843496471387E-04 

.224782 9238 691 2E -08 15380 145 705718E-09 .295826 31235422E-10 

. 32230477655154F- 07 . 1 050 9991697 31 2E-0 6 . 16297987 240379E-06 

-.3071442A454076E-07 -. 1 637 1 220952S71E-07 76928 7 7980 766 7E- 0 8 


MAGNITUDE 

46725529020253E-03 
2253279014772 2£ -08 
1965890003517 IE -06 
3564493027Sf277E-07 


JULIAN OAT*- 
DATS FRON LAUNCH-- 
BAYS from rumrFi — 
MOTION (0EG/SFCT — 


2444327.00000000 
7. 0000^*00 
0. 00000000 
.00723535498 040 


CONTROL PHASE 
present MASS ckgi — 
PRESENT PITCH IQEGJ--. 
PRESENT VAH (OEG» — 


3 

4979. 8 99 I960 05 
46.093268131 
8.876101703 


PRIMARY BOOT 
FLUX l E 14) -» 

FLUX RATE IE14/SEC1 — 
AVAILA BLE POWER (KM) — 


EARTH 

O.flflOOOOOOOQ 

0. 

1 4 .42503 00000 


====== ECLIPTIC ===== 

BOOT RFL ATT VF S/C STATES 
SUN POST T T PM 

VFLOCTTY 


c APTH 


POSITION 

VELOCITY 


-.1479C549Q67006F+09 
• 5 650 5 6 71 5 3 932 7E- 01 

.61781966576622F+04 
3588243112 48 15E+ 01 - 


S/C ACCELE d At tcivs 
PRIMARY BODY 
PERTURBING BOOTES 
THRUST 

J? + RAO. PRESSURE 


-.947450953133526-04 
. 9519460276 64 64E-09 
-.1575187 10 96387E- 06 
-.3444 51162690 42 L- 0 8 


»•»«•* «* , ,,, «**• 


,206«1712593857Efr08 
.288412218367146+02 

>28891 444451931E* 05 

> 768527 70 5704 94 F + fl o 


• 44306892 7 2146 1£-C 3 

.983344 3690688 5E- 09 
. 11421969164207E-06 
.2487263197 4148E.-0Z 


-. 21391944911B92E+04 
-*.74720237 05 42702^01 

-.21391944911892E+04 
-.747 20-2-17 05 42 7 0 E - 0 1 


— .3280592667 B136E-04 
.852304 45 2753 53 E-10 
• 30383971 326534E-0 7 
-.190236136601526-07 




MAGNITUDE 

. 14934445892215F+09 

.2884 13 7397974 1E+ 02 

.2962196134461 0E+ 05 
.367038 23482755E+01 

MAGNITUDE • 
■45427187473390E-03 
. 1371268305414 5E-Q8 
.196 930109 3610 4E-06 
• 31500 73375424 5E-0 7 .. 
****** ************ ******* 


t 
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CONTROL PH ASF CHANCE 


JULIAN DATE — 2444321.00000000 
OATS FROM LAUNCH — 1.09000000 
DAYS FROM CUTOFF*-- 6.00900000 
MOTION (OEC./SFCI -- .00728535498040 


CONTROL, PHASE 
PRESENT NASS 
PRESENT PITCH 
PRESENT- YAM 


- 2 . — PRIMARY 800 Y .... 

(KGI— 4997.119729520 FLUX IE14) — 

(QEGI — 281.584795669 FLUX RATE IE14FSEC)-- 

(OEGI-- 54.678119956 , AVAILABLE POWER IKMI-- 


EARTH 

O.OOOOOOOQOQ 

0. 

14.42500 0 Q0QQ 


THRUST ohASE 
DURATION 

IDAY$) 

3. 0000000 


THRUST RHASE 
THROTTLING 

.9929101 


thrust phasf 

A0 = PITCH 
(OFG) 

281. 5847959 


THRUST PHASE 
_A1 

(OEG, SEC) 
.0071700 


THRUST PHASE 
A2 

(DPG.SEC) 

19. 0 0 00 0 00 


THRUST PHASE NUHBFR 
, 83-S— YAH OF 

(OEG. SEC) THRUSTERS 

-8.3218800 6.0000 


THRUST PHASE 

A4 

(OEG, SEC) 

0. 0000009 


THPUST PHASE 
A5 

(OEG, SEC) 
63.0000000 


ORIGINAL PAGij ... 

OP POOR QUALITY 
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CONVERGENCE YN THE NONLINEAR GUIDANCE ALGORITHM AFTER 3 ITERATIONS WITH Q0= ,8553E*0G 


ESTIMATED TRAJECTORY- CONDITIONS FQR NONLINEAR TARGETING 


ITERATION NUNBFR 3 
TRAJECTORY STATE AT 

X 

Y 
Z 

VX 

V Y 
V7 

S/C NASS 


*.00000 oats<J.O.= 
ESTIMATE 


2444327, !300 0 01 
REFERENCE 


.62391 74869776*04 — .562392733# 19E*06- 


•28880621300 5E *05 
-.21408?855E00E*04 
358660 765243E* 01 
.7755086 98 18 0E *00 
-.75S818785178E-01 
6979.89920 


.2B9890629713E*0S 
-.2226561651896*06 
--.3&0 314241 463E*QL 
•6 991566 66 16 5E *00 
-.738662121910E-01 
6979. 83811- 


DEVIATION 

_^611 26 75 315 8 5£ ♦ 03 KK 

■.1086616708T6E+03 KN 
. 83712895890 7E* 02 KM 
. *165367626 06 9£- 01 — JKM/SEC- 
.763560320 356E-01 KM/SFC 
-.171566632680E-02 KM/SEC 
• 06109 KG 


S/C ORBITAL ELEMENTS 


ESTIMATE 

1 296568 7 26 27 6E* 05 
.00212618 
6.30769626 
183.66927267 
196.09226506 
57.69167356 


.. reference 

■296495 9630776*95 
.00197557 
- 6.65855352 

183.97618126 
203.38768681 
- .. Si. 52277713 


DEVIATION — 

. 7276123 9596 5E *01 KM 
.00014861 

15 105929— OEG- 

-.30690877 OEG 
-7 * 29564175 DEG 
6.36 6696 44- -DEG 


TARGET VARIARLFS 

PC" 

A 


EST T MATE .. REFERENCE DEVIATION 

. 2959387591755*05 » 29591 0 2 160 00E ♦ 05 . 2854317510 27E*01 KH 

,2965687242766*05 .296495 9631 12E* 05 .72761 1642471E*0 1 KM 


QUADRATIC FRROR FUNCTION TO MEASURE RATE OF CONVFRGENCF 
Q = .78 ill 26 143^66 *02 FOR ITERATION NUMBER 1 

- -O = .7624117 53496E *02 FOR ITERATION NUMBER 2- 

Q = ,B r 5303840276E*0!I FOR ITERATION NUMBER 3 


PHI MATRIX OVER TRAJECTORY ARC 1.00000 TO -7.00080 OATS - 

X Y 2 

X -.207 24 088505 IF *31 . 1 509946 83529E *0 2 -.1397701292145*01 

t -.1711032526IUE*!}! -.555960622961E *01 -434225709282E + 00- 

2 - » 1 86665 0000 87F * 00 . 59 3400 519 886E ♦ 0 0 -. 897654956824E* 00 

VX .504 40 7 753:1656-9 4 . 25 22627 89856E -0 3 -. 24379525 1229E-06 

VV -,3190t279«735E-0T . 1 6615955290 IE -02 --.1771745654396-03- 


Y7 »253514721322E-''4 - . 1 48 171 0 20 15 IE- 0 3 -.4 74875 011 31 5E -04 


VX VY VZ 

-.118131700629E*06 -.52999881T065E*05 .328365956222E* 04 

♦ 677687 0325 55£* 05 »115BIU7.a2126E»aS — -.4£2362358498E*I13 

-.5527312081286*04 -.1108743293876*04 . 38B138325105E*04 

-.140701747715E*01 150 745205141E* 01 . 98004957554 8E-01 


01 .3 00119329712E*Qfl 


• 110 5275 50 70 7E *01 .380 36107272 5E *00 -.8 28l74ll7Q5QE*00 


THETA MATRIX OV r R TPAJECT08Y ARC 1. OOO 00— TO- — 7* 00000 OATS 

ULl ELEMENTS APE IN INTERNAL UNITS) 

THROTTLING R ITCH ANGLE YAM ANGLE 

X - - -.139691)57029*6*05 -.327034065620E*06 — -.330812537. 596E* 06 .. 

Y .*47189 643R16E *34 . 62 0 12 09000 86E *0 5 .6242229229896*05 

Z .268 86 017151 3E *14 .9 36250170723E*04 .902367442516E*04 

VX -.4386650011131*30 -.937049S 879106*0-1 — -♦9 5 11 8 7a57676E*01-- 

VY -.1681576436786*01 399969946498E *0 2 404711B07074E*02 

VZ .4454685185236*30 .6936841931366*01 .4931516202296*01 


ETA MATRIX AY THE TARGET POINT 
TALL FLEMENTS APE IN INTERNAL UNITS1 

X ■ - Y 



RCA .11 394 3 5 788546*'] 1 .1254336844636*01 86 T942727422E-01 -.904 215 4269646*04 - ,5072548.756436 *04 

A . 42 191 105 370 9£* 00 .1954264042666*01 -» 144861 892913E*00 -.1582782652936*05 ,342Z34592477E*04 


UZ 

.33867271151 4€ *03 
-.3335456103656*03 


TARGET /C ON TRffL SFNSITIVITY MATRIX! 2X3) 
TALL ELEMENTS ARE IN INTERNAL UNITS) 
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MONTE CARLO CYCLE NUMBER 1 
GUIDANCE EVENT NUMBER l 
OUTPUT flATA AT THE DESIGNATED T ARGET TT 


GUIOANCE EVERT TIME 2444321.0000-1 AT- 1. 00030 OATS PROH LAUNCH 

DESIGNATED TVRGFT TIME 2444327. no 000 AT I. 00000 DAYS FROM LAUNCH 

DURATION OF THE GUIOANCE TRAJECTORY IS 6.00000 DAYS 


S/C STATE VFCTOR AT TRAJECTORY TIME = 7.00000 OAYSIJ.O.= 244432 7. 0 00 00 ) 



ACTUAL 

REFERENCE 

DEVIATION 


— X 

.45902057184 0E *04 — 

- .562392 7338 19E+ 04- 

— -.19337 2161979E + 04- 

-KM 

Y 

.291 50 492417 0E +05 

.2698906 29713E+05 

.161429445699E+03 

KM 

2 

-.217182710930E+04 

-• 222454145189E+ 04 

.52/1434258782+02 

KM 

— - VK 

-.36271104669OE+O1 • 

■*.360314241483E + 04— 

- -.2397605407152-01 

KH/SCC- 

V? 

•57281490117 7E+0Q 

.699154 4661455 +80 

-.1263394 84 96 8E+00 

KM/SEC 

V 7 

59123776759 ?E -01 

-.7386621219102-01 

.1474243343102-01 

KM/SEC 

S/C MASS 

4960.17665 

4079.63811 

- --- .33854- 

■KC. 

S/C ORBITAL ET.EMFNTS 





■ ■ - 

ACTUAL 

REFERENCE 

- - - OEVI AT I ON 

„ _ , 

A 

. 29625562520 3E + 05 

•296495 9630375+05 

-.2401378337122+02 

KM 

r 

.00203417 

.00197557 

.00005860 


... y 

4.30799384 

4.45855352 - 

_ _ ♦ . isa t ^SQf» i a 

t>EC 

NODE 

183.36707158 

113.97618124 

-.60910966 

DEG 

ARSIS 

204.41450679 

203.38766681 

1.02681998 

DEG 

— - M A 

53.11678264- 

51.52277713 

-1.59400551. 

— DEC - 


TARGET VARIABLES 



fH 

£+ » 


ACTUAL- REFERENCE DEVIATION . . 

RCA , 295653191761E+05 .2«SR10216000E*a5 - . Z57Q242 10976E+ 02 KM 

A . 29 625582520 3E + 05 . 2964959631 12E ♦ 05 240 1 379090 69E+ 1 2 KM 

— »••»»**•» ******* *********+*******•******.****** t f If I.**** *** •* f * ****** *********** ****•*«****»••»•«*****• 


CO 


... **»*. 


CONTROL PHASE- -CM AN 




JULIAN DATE -- 2444321 . 01 0 00 0 Q« 
-DAYS FROM LAUNCf*-- - 1.03000000 

DAYS FROM CUTOFF-- 6.00000000 

MOTION f DFG/SECI — .10724234 354175 


CONTROL PHASE — 2 

PRESENT -MASS - (KG) — -.4947-107969171-.-. 

PRESENT PITCH IOEGI-- 201,663700044 

PRESFNT YAM (T1E.GI -- 55.192647306 


PRIMARY BOOT 
FLUX — -IE14) 

FLUX RAIL CE 14/SECI 
AVAILABLE POWER (KM) 


EARTH 

0.0000000000 

0. 

14.4250000000 


thrust pmasei 

DURATION 

(DAYS) 

3.0000000 


THRUST PHASE 
THROTTLING 

.9594574 


thrust phase 

A0 = RITCH 
<OEG) 

201.4309993 


THRUST PHASE THRUST PHASE THRUST PHASE NUM9ER THRUST PHASE THRUST PHASE 
A1 A2 A3 * YAM OF A4 A5 

( O EG, S E CT- (DEG, SEC) (PEG, S E C ) THRUSTERS. . (DEG, SECT (OEG.SEC) 

.0071700 10.0000000 -0.0396542 6.0000 0.0000000 63.0000000 


FCLIPTIC =*« = «* 
BODY RFLATTVE S/C STATFS 
SUN POSITION 

VELOCITY - 


X Y 7 MAGNITUDE 

-.14899831603808E+09 -. 5304576625620 2E+ 0 7 . 2365677568714 3E *04 . i4RQ927U83756£+09 

.4 1764*76 A96394E+-01 — --.2 8965727 b 1181 4E*02 — . -»,77075 022428fl44£-0 1 .292653 782 6 326 5E* 02 


EARTH POSITION 
VELOCITY 


.7 08322742 00S90E+ 04 
— -.360821801044526401- 


-. 277679146 063COE+O 5 


. 2 365 6 7 7560 714 JE* 04 


.28 75457575880 8E *05 
.-37227 70 Q3 3854 3E* Q1 


S/C ACCEL E RAT TONS 
- PRIMARY BODY 
PERTURBING BOOTES 
THRUST 

<»? T- RAO. PRESSORE 
********************* 


X Y 2 MAGNITUDE 

-.1 107 555O84.5580E-03 .4655494 7 79 1068E-03 — =*.3 9 66232160 4470E-C4 --*482091 575 2330 6E-03 

• 447866093605 79E- 09 . 1 1378576612737E- 06 947 32311 968692E-10 . 1226498Z725810E-fle 

•10 4425435798 42E- 06 .254608Q392+124E-07 . 15460365 634064E-0 6 . 1 882955515465 0E-06 

*.49725? 92 00200 OE-00 . 7 8 9 6 2 7 7 2 18 27 3 9E -87 .201 /77 14 9S 0247S»07 .35646997Q66359E-07 

■*•* **** *«****•*«*«•••»•*••***••*•*•*••««**•*•* »* *********** **•**•«*•*»***»*#«•**••*•*••****.••**• ******»••« 


“TGI 



JULI&N DATE — *» *»3 . 0000r»00 , j 

OATS FROM LAUNCH — 4.00000000 

OATS FRO* CUTOFF?-- 1.00000000 

MOTION (DEG/SEC)-- . 0 0724234358 1 75 


** CONTROL PHASE CHANGE 

CONTROL PHASE — 3 

PRESENT MASS C KG J — 4988.817470922 

PRESENT PITCH (OEGI — ' 338 . 1 9470 1526 

PRESENT V AH lOEGt — 56.232701526 


PRTMART BOOT — EARTH 

FLUX JE14I — 0.0000000000 

FLUX RATE IE14/SEC) — 0. 

AVAILABLE POWER (KHI-- t 4.4250000300 


THPUST PhAS* THRUST ”HASE THRUST PHASE THRUST PHASE THRUST PHASE THRUST PHASE NUMBER THRUST PHASE THRUST PHASE 

DURATION THROTTLING A0 = PITCH A1 A2 A3 = TAW itr-i mcr 

IOATS) (DEG) fOEG.SECI I0EG.SEC* IDEG.SECI THRUSTERS IDEG.SECI JflEG.SEC) 

6.0000000 . 1.0000000 337.9520000 ,_00«7«a 10.0000000 --7.00000-00 6.0000 0.0000000— 63.0000000 


THROTTLING 


1.0000000 


== ==== ECLIPTIC = = = **= 
BODY RELATIVE S/C STATES 
SUN POSITION 
VFLOCITT 

EARTH POSITION 
VFLOCITT 

S/C accelerations 
PRIMARY body 
PERTURBING BOOTES 
THRUST 

J2 * RAO. PRESSURE 


,148631150*44466*09 

.64&79300643222E*00 

,2679121231€984E*05 

,14€5025251l245E*01 


i 6293 66566435 J5E- 03 
,2236 642250 9S86E-08 
,116101298970616-07 
, 3037591822604 9E-07 


129995926496946*0 8 
2640 14 7324 85 49E* 02 


,115620540514556+05 

,338261810556926*01 


78290 734 7767586*03 
>. 28452262 2Z1630E*00 


, 1 6529804324994E-03 
, If 256940 943138E-09- 
,104589653722126-06 
,16949919431743E-07 


■. 782907 T4 776758EA03 
■•28452262 2216106*00 


.125471822668036-04 
_31264437 953964E-10 
• 16341607927792E-06 
»* 7970 2271 10 5379E-08 


MAGNITUDE 

.149198553649226*09 
.264109 15 119825E* 02 

. 29190 1198 2270 6E *05 
•3697209401 30 &6E*01 

MAGNITUDE 

,467*1 23852709 6E-0 3 
-.22433 08462740 3E-0B 
.19657825654034E-06 
.356864387701756-07 


JULIAN DATE -- 244432 T . 00000000 
DAYS FROM LAUNCH-- 7,D{mOQ01 
OATS FROM CUTOFF— - 0.00800000 
MOTION IOEG/SEC1-- .00724234358175 


CONTROL PHASE — 1 

PRESENT MASS t<G> — 4980-.1 76651438 

-PRESENT PITCM-TOEU — 46.40 079237 -4- 

PRESENT YAM COEGT — 7.173683521 


PRIMARY BOOT — EARTH 

FLUX <E 14 | — 0.01000000QO 

-FLUX RATE — IEJL4/SECJ -- 0. 

AVAILABLE POWER f*WI~ 14.42500*0000 


-**»== FCLIPTTC 
BODY RELATIVE S/C STATES 
SUN POSTTION 

... .. VELOCITY - — 

EARTH POSITION 
— — VELOCITY 

S/C ACCELERATIONS 

—PRIMARY -BOOT 

PERTURBING BOOTES 
THRUST 

-<»2 -*-R A*. — PRE-SSllR € 


-. 14790 707856102E* 09 
.176303151193056-01- 

.459020571839836*04 
- . 3627 1 184669015E+-04-- 


,833303596 32736E- 09 
-.15878420478239E-06 
— .25243602*835456- 04- 


-.2 06* 14 53 545 892 E* 0 * 


.291504924169996*05 


10191011037800E-08 
. 1 13842838 55479E-06 


-.217182710930226*04 


-.21718271 0930 22E*04 


. 865279 33006706E-10 
.245087423248006-07 


MAGNITUDE 

.149345995640816*09 
,290370 001 0612 b£* 02 

,295894918794396*05 
,367254693793316* 01 

MAGNITUDE 

^455269394912426-03 
, 1 3192607879294E-08 
. 19691932822276E-06 
,316036992456956-07 


OiJGiWAL PAGE' io 

CF POCK. QUALITY 131-1 


CONTROL PHASF CHANGE 


**•» 


JULIAN NAIF — 2***324.00000000 
OATS FROM LAUNCH-- 4.0000001*0 
DATS FROM CUTOFF — 3.00000000 
NOTION TOEG/SFC)-- .0 072*26 9005533 


CONTROL PHASE 
PRESENT NASS IKGI-- 
PRFSENT PITCH I flE GJ - - 
P RESENT — T-AH <0€C*«— 


3 

*080.8 17*70921 
3TA.1S4701526 
» 56.232701526 


PRIHART BOOT 
FLUX TE1M- 

FLUX RATE {014/SECI- 
AVMLABLE PQHER— UtNI - 


EARTH 

0.0000000008 

0 . 

1*. *253000000 


THRUST PHASE 
DURATION 
(OATS* 
6.0000000 


THRUST PHASE 
THROTTLING 

1.9000000 


THRUST PHASE 
A0 - PITCH 
IOEGI 

337.9520000 


THRUST PHASE 

A1 

t DEC i SEC) 
.0071700 


THRUST PHASE 

A2 

(0EG.SEC) 

10.0000000 


THRUST PHASE NUH8ER THRUST PHASE TMPUST PHASE 

- A3-.»--»AH— . OF .. - • A* AS 

(DEG. SECT THRUSTERS (OEG.SECI (OEG.SECI 

•7.0000000 6.0000 0.0000000 63.0000030 


======= ECLIPTIC == = = = = 

BODY RELATIVE S/C STATES X Y ?■ MAGNITUDE 

SUN POST* TON -• 1*86 31 14760941C* 09 — *»12999 598*6 5546E* 08 ■— — =^761 934735 26641E* 03 . 1*91 9855093320E*C 9 

VELOCITY • 6* 712 125 0890 3BE* 08 -. 26*0 11 86 62586 1E+Q 2 -• 2 8488943668199E* Q0 ,26*l065*834Q39E*0Z 

-EARTH POSITION .26794447365067EA05 - .415562382fl*07*E*05 =--.-7819 317352 664 t£* 03 — . 29190 7599810 0 GE*0 5 

VELOCITY • . 14641970066663E* 01 . 338290 27 282576E* 0 1 -. 28*889*3668i09E*0Q . 369716996Z8656E + 01 


S/C ACCELERATIONS 
PRIMARY BOHY 
PERTURBING BOOTES 
THRUST 

J2 ♦ RAO. PRESSURE 


4 293901*1 55957E- 0 3 -. 18519265169877E-03 , 1253 072227 693 9E-04 

2236637333 0996E- 08 17230864354061E-09 . 312*5*5*857295E-i0 

3 1610 1267033 IOC- 07 . 1 0458965510245E-0&. .163*160790 1243E-06 

J0376557038499E-07 169* 1 048 194040E- 0 7 -. 79671555697804E-08 


MAGNITUDE 

,*67791 66 7C8680E-03 
.224348 236 1620 7E-06 
.196578Z5654035E-06 
.35683 7695532 tS£-0 7 


|f 

& ^ 

s % 

r 1 . 

K c o 


l 


— JULIAN DATE 

DAYS FROM LAUNCH- 
DAYS FROM CUTOFF- - 
-MOTION < DEG/SEC) -- 


2***327.00000000 

7.00000000 

3.00000000 
.-0072*2 096 65S 33- 


CQ MTPQ1 PH A SE 3 

PRESENT MASS CKG> — *980.176651*38 

PRESENT PITCH (OEG» — 46.398336511 

.. PRESENT- Y AM ( QEG)-=- 7^2*16 9 -4161 


PRIMARY. .BOOT — 

FLUX I E 14) — 

FLUX RATE TE14/SEO-- 
AVAILABLE- PQMER—HCMJ-- 


EARTH 

0.0000000000 

0 . 

1 4 .4250 3 Q 00 80 


======= ECLTPTTC s=====* 

—SOOT RELATIVE S/C STATES-- - 
SUN POSITION 

VELOCITY 


X 

1*79 0703471 95 IF* 09 
1858158880 3769E- 81 


y 7 .... MAGNITUDE 

-.20681459*184375*08 21732*97151901E*0* .1493*5953034950*09 

-.290315 *5 6*736 7E*02 597658 71251455E-0 1 . 29031613112433E* 02 


EARTH POSITION 
VELOCITY 


•46340*72 32 26* 8E*B* 
-.362616719521710*01 


. 291**61987191 3E*B 5 
.57820 38950511 2E*00 


-.21732*971519010*11* 
-, 59765871 251455E-01 


.295906*50682260*05 
. 3672*62*2 06773£*01 


S/C ACCELFRAT IONS 
PRIMARY ROOT 
— PFRTURSINC-NOOIES 
THRUST 

J2 * RAO. PRESSURE 


. 712919721 3 3312E-0* 
.63660 02M3SC28E-4M 
.15875550*1 5*0*E- 06 
.? 550 3*5158 36 04E-08 


-•* *837208677*9 8E- 03 


.1138325*1667550-06 

-.24914217819275E-07 


. 33*3*11285 3948E-0* 


« 2*820 6 39*05 027 E-0 7 
-.1927066*76 5153E-07 


MAGNITUDE 

. *5523391063*8 9E-03 
l -,08 

. 1 96919 32822277E-06 
. 31600 3327 61 193E- 07 
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3.2.4 REF SEP 

The REFSEP sample case provides detailed trajectory print 
for an Earth-orbital mission. A run such as this is likely to be 
made after the reference trajectory has been determined in TOPSEP 
and prior to a GODSEP error analysis run. Of particular importance 
to the GODSEP user is the tracking information which is available 
over any desired trajectory arc and from which a measurement sched- 
ule can be made. The remaining output provides a detailed descrip- 
tion of the integration process and the changing geometric relation- 
ships among the S/C and the bodies considered. 

On the first page of output is a listing of the $TRAJ namelist 
describing the Earth-orbital mission. Except for two of the vari- 
able, KARDS and ELVMIN, the input is standard to all the MAFSEP modes. 
(Other REFSEP peculiar input is described in Section 2.1, Page 12-B 
of this manual.) The value of KARDS indicates the number of formatted 
print schedule cards which are to be read during the execution of the 
REFSEP run. Images of two print schedule cards (KARDS = 2) may 
be found immediately after the $TRAJ namelist on the first page. 

These cards specify the start times, stop times, and time incre- 
ments for the various print codes. On the second page of output 
is a summary of the trajectory initialization data. As indicated 
on this summary page, the flux model, the non-spher ical central 
body model, and the shadow model will be implemented during trajec- 
tory propagation (ISCED = 1, J2FLG = 1, M0RBIT = -1). The following 
pages of output illustrate control phase print (IPRINT = -1), shadow 
phase print (MORBIT « -1) and scheduled REFSEP print 
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blocks. The fact that tracking computations are made from 0.4 day 
to 1.0 day in increments of 0.1 day provides a sufficient number of 
data points to allow the user to construct a short elevation angle 
time history of the S/C with respect to the input tracking stations 
(The default stations are: (1) Goldstone, (2) Madrid, (3) Canberra, 

(4) Johannesburg, (5) Carnarvon, (6) Fairbanks, (7) Rosman, 

(8) Santiago, and (9) Corpus Christi.) Thus, the user can identify 
those tracking stations from which the S/C is "visible". This 
information can then be applied to measurement scheduling for a 


GODSEP run. 
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REFSEP Sample Case 


P^TPftJ 

SCMASS = ^()00 . | 

TLNCH^?4443?0., TEN0=1*» 

' TSTOP^l 9 

STATP= ?P571 # j0.,0.>0., 3.7?09449/-.3<?S5405» 

I COOPOr .3 p 1 

NP = 3, 

MTP = ^ ; 

FMGTNF= 14.4PSjO.jl4.435f EMGINF(17)= 

TH9UST = 3., 10.») .,P0. j. 0071 7, 10., -7., A., 0 . ,G3.> 
PHAS=0.,90. f 
T SCD = 1 , 

J?F|_G=1, 

wopq it=~i , 

TPPIMT = 

STFP = . R # 

MODF=4^ 

FI. V M T - iSoj 
K A PHS - ^ 9 
^ F K; n T p ft J 


11P3 

1000 


n . 4 
0.5 


1 .0 
1.0 


1.0 

0.1 




.FPO# 



.*«»«* * V • « J* »*»*»*•**»** *»****************.**********************•***•**•••* ** »*•»** *■***' 

TRAJECTORY INITIALIZATION 

i*#**********************^* **••*#**«**•*•*••************<»»**•**•**»•***»••***#**♦***** •**♦•' 

INITIAL l^OCH (REFERENCE CATE) 

JJLTIN date .... 2<»A«.3?0 .0000030 300 

C ALENDA R DATE .... 1980 MAR 21 12 HR 8 NTN 0.0000 SECS 

TRAJECTORY START EPOCH 0.0000000000 DAYS AFTER THE INITIAL EPOCH 

JULIAN HATE .... ?i*AAJ20. 0000030000 

CBLn''DAR DATF .... I960 MAP 21 12 HR 0 MTN 0.0000 SECS 

TRAJECTORY r NO EPOCH 1. 0000000000 DAYS AFTER THE INITIAL EPOCH 

JULIAN HATE .... Z64A321. 0000000000 

C AL E JO AR nATF .... 1R80 HAR 22 12 HR Q MIN 0.0000 SECS 



REFERENCE THRUST CONTROLS 

THRUST THRJST PHASE 

THRUST PHASE 

THRUST PHASE 

THRUST PHASE 

THRUST PHASE 

THRUST PHASE 

NUH3ER 

THRUST PHASE 

THRUST PHASE 

PM AS 6- 

END TINE 

THROTTLING 

AO = PITCH 

A1 

A 2 

A3 = YAH 

OF 

A6 

AS 

NJHB-R 

(DAY) 


(DEG) 

(DEG, SEC) 

(oe; ,seci 

(OEG.SEC) 

THRUSTERS 

fOEG.SEC) 

(OEGtSEC) 

1 

lo.onoooc 

1.000000 

20 .oooaaa 

. 007170 

to. o) aaoo 

-7.000000 

6.001000 

0.000000 

63.000000 

THRUST CONTROL 
n. nan 

PHASING ANGLES 
5)0.000 

(PEO 
0.0 00 

0. 000 








DETAILED PRINT EVENT S^H^DULE 


FROM .A00Q0 DAYS T<) 1.00000 DAYS IN INCREMENTS OF l.OOJOfl DAYS — CODE NO. 1123 

PROH .50000 DAYS TO l.OnoOO DAYS IN INCREMENTS OF .10000 DAYS — CODE NO. LOGO 


(CORE RFQ'JIKED fOR THIS JC3, 0S*.<»Q0 OCTAL) 


ORIGINAL PAGE IS 
OF POOR QUALITY 



• ***»“■• 


control PH'jrsrncffflwnr 


JULIAN OAT' — 2444320.00900000 
DAYS fWI LAJNGM — 0.00500000 
OATS FROM CUTOFF—. 1,00005505 


THRUST »<ASF 
DURATION 

nays' 

lO.OflnQtiOO 


THRUST PH ASF 
THROTTLING 

1. 50000 00 


THRUST °HASE 
A5 = PITCH 
IOEG> 

20. 0000500 


CONTROL 

PHASE 

FRESFNT 

MASS 

PRESENT 

PITCH 

PRESENT 

YAM 

THRUST 

PHASE 

A1 



(DEGtSECI 

.0071700 


- - 

1 

(KG)-- 

5000. 

(DEG)-- 

20. 

(DFGI — 

290 

THRUST 

PHASE 

A? 


(DEG.S 

FC> 


10.0000050 


003 oooaoo 

001 005000 
001 000000 


PRIMARY BOOT — EARTH 

Fiux IE14)-- , 0000500001 

FLUX RATE (E14/SECI-- 0. 

AVAILABLE °OM£R (KW-- 1 *• • 42500 0 0 000 


TT RUST PHASE HUMBER 
I) s YAH OF 

OEG.SECI THRUSTERS 
-7.0000000 6.0000 


THRUST PHASE 
44 

(OEGtSECI 

0.0000000 


THRUST PHASE 
A5 

( DEG , SEC) 
63. OOOOOOO 


======= '"CL T^TTC ======= 

BOOT RE*-ATTVr 5/C STATE' 1 
SUN °OSI T I OH 

VELOCITY 

EARTH POSfTON 
VELDGT’Y 

S/C ACP EL 'RATTANS 

PRIMARY RO^Y 
PEKTUR3TNS 300TES 
T«TUST 

J2 * RAD. PRiSSURF 


X 

-.14 90 0 36522364 IE* 09 
.52497S9 7 3'40542-01 

. 285715 00050005EF05 
8. 

X 

- .488 306593466492-0 3 
,226942118517042-06 

-, 74 0798441443 38F-0 7 
-.395193560 0773SE-0 7 


Y 

269451 420 6 7351E+07 
-. 2 6 1717 243 66994 E* 02 

0, 

, 372094490100092*01 

Y 

-0. 


z 

0. 

-. 32554 050000 O00E*0 5 

0. 

-.325540500000002*00 

Z 

- 0 . 

0. 


MAGNITUDE 

, 1490280134290 2E *09 
,26173801576324£*02 

. 28571QOOOflQOOOE*05 
. 3735158305 3435£*01 

MAGNITUDE 

. 48 8 30 6593 4 8 64 9E- 03 
.229026340 25 861E-58 
.19613841S65524E-06 
. 395193560 077 35E-0 7 


•621054 757 50 162E-18 

. 6 26125 2998 62 3 2E- 07 -. 18430982466295E-06 

0 . [; 


og 

n> S 
g£ 


& 


& 

fe £ 


SHAOOH-IN PHASE CHANGE 


JULIAN DATE — 7444325.76014204 

DAYS FROM LAUNCH-- .26014205 

DAYS FRO 1 * "'IT OFF-- , 73985*95 


CONTROL PHASE 
PRESENT MASS CKG1- 
HRFSENT PTTCH (DFG)- 
PRESENT YAM IDEGl- 


1 

4999. 25J 946782 
1 79, 1 35 70 47 90 
54.703659056 


PRIMARY BODY 
FLUX IE14I — 

FLUX RATE (E14/SEC1 — 
AVAILABLE ®0«ER CKMJ — 


EARTH 

.0031914965 
.88 4941E-07 
14.1716938014 


======= ECLI 0T IC ======= 

BOOY RFLATTVi S/C STATES 
SUM R3SI T ION 

VELO-I T Y 


X 

14905754876A65F*09 

57?731101i6444E*fl0 


Y 

-.336962454410162*07 

335317’90B05272*02 


Z 

-.5117587086S286E*03 
.32028 49 124996 1E+00 


MAGNITUDE 

. 14909542797318E*09 
. 33538160151975E*02 


FARTM POSITION 
VELOCITY 


28014583161520E*05 

75950261802?83E*00 


.5 76184 3960611 9E* 84 
-. 364179905 99 21 2E*01 


-.5117587 06 652 86 E*03 
•32028491249981E*00 


. 26605552147033E*05 
. J.7339157790183E*01 


S/C ACCEL'RAf I9NS 
PRIMARY BODY 
PFRTUR3ING STDTFS 
THRUST 

J2 * RAD. PTTSSURE 


X 

.4 77063984440 94E-0 3 
.22768 354195354 E- 08 

*. 377344 198 55608E- 87 


V 

-.961191909858472-04 
-.306358 058 71453E-09 
0. 

-.975473091 35403c- 08 


Z 

,87 148056796 12 2E-05 
. 2049198 7911629E-10 
0. 

- .39 088 1565 9275 3E- 08 


MAGNITUDE 

•48712767189764E-03 
. 224790 3727 34 3 6E-0 8 
0. 

. 39170397711704E-07 


LO 

hO 

I 


M 


• * ♦ * 


SMADOM-QUT PHASE CHANGE 


JULIAN DATE — 2444320.3000043’ 

DAYS FROM LA INCH — .30 000433 

DAYS FROM CJTDFF — .69999567 


CONTPOL PHASE 
PRESENT HASS ( KGI -- 
PRESENT PITCH IOEG)-- 
PRESFMT YAM (PEG) — 


1 

4999.251946762 
208. 26? 334955 
54.137994875 


PRIMARY BODY 
FLUX (E14I-- 

FLUX RATE (E14/SEC) -- 
AVAILABLE POMER <KMI~ 


EARTH 

.0033794893 
. 256412E-07 
14.1662169536 


======= ECLI’TIC ======= 

BOOY RELATtVr S/C STATE' 
SUM POSITION 

VELOCITY 

EARTH ROSI T ION 
VELDGTTY 

S/C ACCELERATIONS 
PRIMARY 9nny 
PFRTURBIMG 30 DT£<; 

THRUST 

J2 * RAD. PRESSURE 


X 

-.149056616059622*09 
, 111023716 82180E*01 

-.277624 60 315B23E* 05 
, 90295 102155109E*00 

X 

. 47195 736525 884E-03 
-.22414898247074F-08 
,557441 126751 87 E- 07 
.36932352232358E-07 


Y 

-,34762686«41152E*07 

-.334964056926472*02 

-.693512274665632*04 

-.360693728869462*01 

T 

.1178958726279BE-03 
.199629115079352-09 
-.98132699599400 E-07 
.11629250404172E-07 


Z 

. 6053910353568 1E*03 
.31 750540 3564 00E* 00 

.6053910 353568 IE* 03 
■3l750540356400E*00 

Z 

-• 10 291541621Q86E-04 
2 42 4040 07689 15 E- 10 
. 1561277 7770567E-06 
.47 37 641 02768 8 7E- 08 


MAGNITUDE 

.1490971U897261E*09 
.3351630 3951355E*02 

. 2862197999970 2E* 05 
♦37317726127369E*01 

MAGNITUDE 

.4 8656.86494 20 45E-0 3 
. 22504923938717E-06 
. 19264826771357E-06 
. 3900875989935 0E-O7 



JULIAN DATE -- 2444 32 0. 399°9°59 

DAYS FROM LA 1N*H — .**0000000 

DATS FROM CU r D FF— .60 000000 


CONTROL PHASE 
PRESENT NASS <KG>-- 
P RE SENT PITCH <DEG>“- 
P»ESFNT YAH <OEG> — 


1 

4998.9751181 97 
277.591227831 
5.597 874550 


PPIMARY BOOT -- EARTH 

FLUX 1614)-- .0034399175 

FLUX RATE <E14/SECI-- .1133346-08 

AVAILABLE ROWER OCH1-- 14.1644997933 


«:s:=! -CLfTIC == = = = = = 
BODY REL ATI V c S /C STATES 
SUN POSITTON 
VELOCITY 

FARTH PflSI T T ON 
VELOCITY 


X 

-. 1490 32533X990 5E* 09 
.391266455738135*01 

-.56°180?2479406E*04 

.36537950213S73F*01 


Y 

375554 870 71592 E*07 

-,30628423124906E*02 

-.27976710817436E+05 

-.7401972227207BE+00 


S/C ACCELERATIONS 
PRINARY BOOT 
PERTURBING BODIES 
THRUST 

J2 ♦ RAO. PRESSURE 


X 

.964149 35621 87 2E- 04 
-.53092368 312889E -09 
.189337817189375” 06 
.4042440^64931 3E-08 


Y 

.473904B6441207E-03 
. 1 1 013952564623 E-08 
.301 126 20 00 546 9E“ 07 
,2948523631 2837E” 07 


PI TCM 

ANGLE t°FS> , 277,593 

RATE <0/S> . , 74 30 8E- n 2 

TUPQUE IN-**), -. 485665-04 

SOLAR AR°AY >OY6TT3H= 80.5 


YAW POLL 

5.598 36.194 

-.805 0 7E-0 2 - , 6618 IE- 0 1 

-.512605-03 .37075E-01 

76, ECC AN0HAIY= 78.465 


CUMULATIVE “.UX = 
FLUX RATE 

POWER PPGPA08 TlON= 


.343991PE-02 
.13 ? 734 ?F- 0 8 
1.8053*40 


10**14 PARTICLES 
10**14 PART /SEC 
p£t|35NT 


Z 

• 24649975603 893E*04 
♦66520474671243 E- 01 

. 24 64997860 389 3E+ 04 
.665204746 71243E-01 

Z 

.4175S247227839E-04 
. 9873510 1452 487E-1 0 
.18 78770718 3962E-07 
.204251232053436-07 


MAGNITUDE 

. 149 07984492 71 6E*09 

* 308773944S3870E*02 

.286560495435756*05 
. 372861032559976*01 

NAGNITUOE 

.485412361698606-03 
. 12305842981364€t08 
• 19263581401984E-Q6 

* 36095791246560E-07 


ixnvnc) moOri jo 
si aovd ivNioiao 


SUN OCCULTATTDN 9 AT A 

ORBITAL R-RIJD 13.350 38496(1 

SHADOW TIN r 57. 40 16331 5 4 

warii-u 0 tint 0 , oonoonooo 


HRS 

SHADOW 

entered. 

THRUSTERS IN) P£RA TIVE 

.263142151 

MIN 

SHADOW 

EXTTFO , 

th°usters operative 

.300004335 

Ml N 

X OF ORBITAL PERIOD THRUS T£ P> INOPERATIVE 

7.166046568 


INDIVIDUAL P-PTURBING acceleration* 

« t ,M -.539923683128895-0° 


. 11013952564 623E-08 


♦98735101452487E-10 


. 12305S4298.1364E-08 


PLANETAR* EPHF?H5RinPS 
FARTH ®3SI T 1 DN 
VELOCITY 


,14902684159630E*09 

.758869536026035*00 


37 2 T 5 7 1 996 341 8 E *07 0. 

-.298382 2290 218 5F *02 0. 


,14907345273155E*09. 

•2988934394876ZE*02 


INTEGRATION ° A T A , tNCKF. 
CONIC POSH TON 

CONTC VCLD'^T 

DFL7 A POSITION 

DFLTA VELOItcr 

dflta ac®e. 

FORMULATION 

-.569687766313997*04 
.3 65 763X55 07 01 2 c*Dl 
. 5C7541 5199360 2E *01 
•1 1614706560741E-02 
-.902750 75740450 F-0 7 

-.2 7975?°623 35? ?E*05 
-.740082743030926*00 
-. 141 458390 9475 8E *01 
-» 11447968966744E-03 
.16227816392 796E-07 


.. . 7 



... 15 


STEP ST 7= <XAY9» 

... .28402848274830E-01 



,24603441418129E*04 
.65742543021842E-01 
.46537185764064E*01 
.77 793164940127E-0 3 
.5513390 2196484E-07 


.286552771 3630 6E *05 
•37274356T3B109E*01 
. 70 297925 7 6469 8E* 01 
. 140 26Q37699413£-02 
. 1070 1706654720 E-06 


TARGET DATA 


SUN-TARGE T-S'C ANGLF 1 02 . 88382071 576X 
EXHAUST-LINE OP SIGHT 109.841236782069 
S/C-TARGET UNIT VEC . 19 862480453521£*00 

DEG 

DEG 

. 9762933573552 5E*O0 

86 020 156289893E-0 1~ 


osculating C^NIC 

DATA HPT TARGET BODY 




OSCUL 8TTNG CONIC 

w FI. LI PS E 




PERIPOINT VECTOR 
pCRI-VEL VECTO® 

-,18890807418700F*05 
-.28 04625884955 OE*01 

,2140963814967XE*05 

-.245556664781285*01 

-. 18943566368274E + 0 4 
, 215568 16222457E *00 

. 26615247Q12617E*05 
.373392602350146*01 

CONIC ELEH r N r S 
S/C WRT TARGET 

A E 

. 28640 F°E* 0 5 .5879190E-0? 

INC NODE 

.50392646*01 . 1802225E*03 

APS HA 

■311 0909E*03 .1Z71499E*03 

TA 

. 1272309E*03 


£-ZGT 





RANGE RATE 

19096390J96270 OE + QO 
•25375745299550E*00 
-.235291895922B8E+00 
•33321862497528E+Q0 
-*.3363293650938 0E-03 
-•10366246 85 372 6E+00 
••61 265733 328588E- 01 
••58 770 067 484046E-01 
13850001659204E+0Q 


RANGE RATE 

-•36735651 71045 8E +00 
• 23 44275542015 2E-01 
. 83883788501592E-01 
•35 217266 960234E+00 
. 264865437 15987E+00 
32 170618 44 8B50E+00 
-•26 42558993 349 4E +00 
22743031 637786E-01 
31 0 4 279 8 1624 64E* 00 


132-G 



TRUCKHC DATA 


5UN-E ARTH-S' 1 ' B NGLE 
RANGE-VEL IN^LUD 1- " ■ ►‘n.E 
GEOCENTRIC E 1UATD9I AL DEC 
RIGHT ASCFNSIOM 
EAST LONGITUDE 
GREENWICH HOUR a NGL p 

MINIHUM ELEVATION AN6LE. . 

STATION EL r VATION 


25,705387123170 OEG 
90.108*73482975 d e g 
3.3329*3507977 OEG 
2G.122379315i.61 nEG 
170.372352221359 OEG 
215. 74.952 7593611 OEG 

15.000 OEG 

A7IMUTH 


RANGE 


1 

2 

3 

<> 

5 

6 
7 

s 

9 


6.05643 266.96303 . 27* R46950 95 Z16E*3 5 

-49.44605 7.17996 .332054345916416*05 

30.829*2 23.97517 . 24873606637691E+05 

-57.394"5 1D9. 37765 . 33929772742444E ♦ 05 

13,17191 66,49561 . 265 33735541715E*0 5 

17.8BQ46 227.75493 .264672820677306*05 

-ZU.65517 286.59336 . 302870 316444 51E*05 

-33.72512 260.86635 ,3221S44B682316E*05 

-10.75653 273.42757 , 291636Q6049042E*Q5 


JULIAN DATE -- 2444320.69999999 
DAYS FROM LAUNCH- . 70050000 

TPACKTNG data 


SUN-EARTH-S/C ANGLE 90.010493690931 OEG 

RAnGE-VEL INCLUDED ANGLF 39.970093633414 OEG 

GEOCENTRIC EQUATORIAL OEG 16.353031744000 DEG 

RIGHT A SC ENS T ON 91.8272769 21249 DEG 

EAST LDNGTTU1E 199.979184590924 OEG 

GREENWICH HOUR ANCLE 251.848092330325 OEG 

MININUH ELATION ANGLE 15.000 OEG 

STATION ELEVATION A7INMTH RANGE 


1 . 36.29726 257.35198 

2 -77.37866 334.11321 

3 4 . 9?°46 50.74626 

4 -81.53763 134.32540 

5 “15.633*7 71.76760 

6 31.92897 196.26384 

7 7.90797 278.40858 

8 -21.29999 285.88*79 

9 23.11208 275.28819 


2428460975021 7E *05 
320398Z3835110E+05 
27413857434066E+05 
349649252631 33E + 0 5 
296397126035 36^405 
24 79613658676 BE *05 
270 8354 till 498E+Q5 
3036645 1043966E* 05 
258498431316656*05 


JUL IAN DATE — 2444320.800 00000 
OATS EROH LAJNCH- .80000000 

TRACSI 'i G DATA 

SUN-FARTH-S7 Z ANGLE 154.262689164796 OEG 

RANGE-VEL IN'LUOEn Aur.LE 89.928748 96158 5 DEG 

cfocentrtc equatorial deg 7.319054418887 deg 

RIGHT ASCENSION 157.170257258703 DEG 

EAST LONGITIJ1E 229.223600191664 DEG 

GREENWICH H3UR ANGL C 287.946657067039 OEG 


NTNINUH r LEVA TTON BnGLE 


15.000 DEG 


i 


RANGE RATE 

40696886564888E+00 
-. 130 76870 01541 7E* 00 
.299604917241766*00 
. 220 11 886208 935E+0 0 
.398307137704606*00 
-. 318969148 15634E+ 00 
-.38259176778434E*00 
-.11 8929591 06349E* 00 
-• 39 8 78 674 1804946*00 



RANGE RATE 


25061340980 352E+ 00 
99760271 449592E-01 
.25 2 398 17 570 2 03E* 0 0 
. 39 5 5 7946 338 43 IE- 01 
.336235208210536*00 
-.320304671379066-01 
-.321455607793106*00 
30 957250451 934E*00 
-.334 109387582756*00 



132-H 



STATION 


CL^VATION 


AZIMUTH 


pflNGE 


RANGE RATE 



51.1941’ 
-32.44605 
-9.04277 
- 67 . 347+1 
-36.4F12F 
19.70074 
26,70840 
7.40406 
43.1*0*5 


207.96331 
301.05906 
70.3698B 
231.03504 
94, 03414 
16 Q .4 7382 
249.35901 
293.61113 
243.74640 


.234462592126 99 E+05 
.31612174945 95 1E*0 5 
. 290056 B4320819E + 0S 
. 34 4010039 90 9B TP *05 
.32029O50234246E+05 
.259740 164951 ll£*-tl 5 
.2526045772461 HE* 05 
.Z7163354890160E+05 
.2396Z2i32767i3E+o5 


.6310 1 133847437E-01 
-• 26 936588 90858 0E- 01 
.12676330 348579E+00 
-. 15130492846622E+00 
. 168964U409656E+00 
• 27 35151266803 3E + 00 
-.87 610428 764 64 5E-0 1 
-.40 043910211277E+0D 
84 3439474 34139E-01 


SHAOOM-IN *>HASE CHANJE 


JULIAN OATE — 2444320.81997560 

GAYS E°QN LAUNCH — .819°7560 

DAYS FROM "")T OFF-- . 18002440 

CONTROL 

PRESENT 

PRESENT 

PRESENT 

PHASE 

MASS 

PITCH 

YAM 

(KG> — 
(DEG) -- 
(DEG)-- 

1 

4997.793 176244 
166.025 7123J5 
54.805170178 

PRIMARY BOOT 
FLUX (E14I-- 

FLUX RATE (E14/SECI — 
AVAILABLE 3 OMER (KM) — 

EARTH 

,0062249051 

.155662E-06 

14.1008583141 

= ====== ^CLnric ======= 

BDDV RELATTV S/C STA+ES X 



. Y 


Z 

MAGNITUDE 


SUN 


POSITION 

VELOCITY 


-. 149041 69 3 1S623E+ 0 9 
245288 23968683E + 00 


-.480 653400951 06E+07 
-.33523 945 044 331E+02 


.49801160 31 86 04E + 0 3 
, 3237341666 4651E + 00 


•14911917739951 £+09 
. 3352640543611 1E+ 02 


EARTH POSI T T0N 
VElO-ITY 


-.26 1780 66871 05 1E + 0 5 
-.7 20746778 3 3935E+00 


. 549280 12887478E+04 
-. J6419277439850E+ni 


♦490O116O3186O4E+OJ 
. 3237341666465 1E + 0Q 


. 2071080815182 9E +05 
.372664 96241998E+01 


s/c accelerations 

PRIMARY SOOT 
PERTURBING 90OTES 
THRUST 

J2 + RAO, PRESSURE 


X 

. 474556131 03552E-0 3 
-.22312373230 47 6E- 08 
0 . 

.37344710Q968O9E-O7 


T 

-.9251 399439 6562E-04 
-.328 310 94706160 E-09 
0 . 

-.91 36346240 3425E-08 


Z 

, 8387773236 78 14 E- 05 
.19 9 3 1995974 19 IE- 10 
0 . 

-. 362 0620 7851 114E- 08 


MAGNITUDE 

. 4 8 35625 24 61 19 2E-G 3 
. 2255 350 36 390 5 9E-0 8 
0 . 

. 306157096992S6E-O7 


Lo 

TO 

HH 


SHAOOM-OUT PHASE CHANGE •»»» 


JULIAN DATE — 2444320.85989694 
DAYS PROM LA'iNCH— ,85989695 
SAYS FROM C’JTDFE-- .14010305 


CONTROL PHASE 
PRESENT HASS (KG) 
PRESENT PITCH (DEG) 
PRESENT YAH (DEG) 


1 

4997.790 176244 
195. 17'+ 0190 80 
54.034816796 


PRIMARY BOOT 
FLUX IE14I — 

FLUX RATE (E14/SECI — 
AVAILABLE POKER (KM)~ 


EARTH 

.0067710531 

.153459E-06 

14.0907982344 


======= ECLfTTC ======= 

BODY °ELATIV r S/C STATES X 

SUM POSITION -.14903964678098E+09 

VELOCITY .14276094+23252E+O1 


Y 

-. 492229X700 1320E+07 
33473149090 830E+02 


Z 

♦ 63 076140557920E+0 3 
.3198 28184200 36 E+00 


MAGNITUDE 

. 149120908 2067 5E+0 9 
•335 051085 26 219E+02 


earth OTSItlON 
YFLO“I T Y 


-.776052 8629295 3E +05 
.9 316479258437 4E+ 00 


-.71948029765654E+04 
-. 35918 035748956E+01 


.63076140 55 79 20 E+03 
• 31982818420 036E+ 00 


•287279B2798231E+05 

.37244208738770E+01 


s /r accelerations 
PRIMARY DORY 
PERTURBING BODIES 
THRUST 

J2 ♦ PAD. PRESSURE 


X 

,46 7471 83049 70 5E-0 7 
-.225U15033422SE-O0 
•3303674748354 6E-07 
.36238642683318E-07 


Y 

,120961 44 891603E-03 
• 17699066329H9E-O9 
.10 761516720 081 E-06 
. 1182214253965 0E- 07 


Z 

-» 1060457 30 21J44E-04 
-.2524418 29 261 85E-10 
. 15 5139 6 40 9808 2E- 06 
.48170366 271 59 0E- 08 


NAGNITUOE 

• 4 829645 14659 73E -03 

• 22562040 3 39945E-08 
. 1916T895334967E-06 
. 3642142787B713E-07 


JULIAN DATE -- 24443 P'1 .09999999 
DAYS FROM LAJMCH- .90000000 


TRACKING DATA 

SUN-EARTM-S/C angle 
RANGE-VEL INCLUDED ANGLF 
GEOCENTRIC EOUA+ORIAL DEC 
RIGHT ASC^NSrON 
FAST LONGITU1E 
frREEMMir4 HOUR ANGLE 


141.635597274379 OFG 
89.938658330977 DEG 
-11.752974727421 DEG 
210.013061083009 DEC 
254. 7670+9279255 nrG 
374. 045 221B 0 3754 DEG 


ORIGINAL PAGE IS 
OF POOR QUALITY 



HININUH ;L=V1TI0N 0 NCL E 


15.050 DEG 


STATION 

1 

2 

3 

u 

5 

5 

7 

e 

9 


JUt. TAW OA 
DAYS Ft>ON 


elevs+ton 

AZIHU TH 

RANGE 

■» 0 . a 3477 

164.68554 

•249518792825 01E* 05 

-27,32389 

267.96546 

. 311 047665411 39F+ 05 

- 17, 86487 

108.78873 

.300S1098674969E+05 

-‘♦0.5 20 83 

236.56409 

.324 74297321 353E +05 

-46.13450 

129.30767 

.32997735239062E+05 

-5.52145 

138.41516 

. 2866077 0092804F+05 

23.28516 

208.47749 

.257590 09976764E+05 

42.52733 

295.73708 

. 2404971 9867482E+05 

40.26937 

192.01525 

•2 42 093 0047630 IE +05 

-- 2446320. 

99999999 


ICH- t. 

00000000 



TMCKTNG OATS 

77.661310454914 DEG 
89.985893487319 OFG 
-17.747744551937 OEG 
285.09254 9015209 OEG 
284.948762474740 OEG 
. 14178654047** OFG 


H IN I HUN 

ELEVSTTON ANGLE.,.. 


OEG 

STATION 

=IE VI TIPN 

AZIMUTH 

range 

1 

11.3=239 

136.04593 

•2682366835Q573E+05 

? 

- 11.23 = 36 

244.24190 

.2920544316 3956R+05 

3 

-33.12288 

134.26412 

.31747134 341 ) 4 92E+ 05 

4 

-t5.5 0035 

748.499=9 

•298 160 2247 71 91E+ 05 

5 

-54,1 0=63 

167.77948 

.3760I.655282636E + O5 


" 2 i) • 7 79 3*> 

113.28975 

.30 399616 3622 77E + 05 

7 

2=.l4677 

170.692=8 

•25472608040221E+05 

6 

69.90=73 

344.41748 

•22696505 311 736E+05 


28.63514 

151.80333 

.75 16097 8280479= +05 


SUN-=ARTH-S/C ANGLE 
RANGE-VEl I9JLUDEO ANGLE 
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4.0 OPERATING GUIDELINES 

This chapter is intended to provide useful operating guidelines 
for MAPSEP. It is assumed that the user has (1) some knowledge of 
the methods (Volume I, Analytical Manual), input variables (Volume II, 
Chapter 2) and output (Volume II, Chapter 3) an( j (2) a particular 
analysis application. Among the latter possibilities, for example are 
o time history relationships of the spacecraft, Earth and 
sun. 

o generation of an integrated trajectory meeting mission 
requirements ; 

o trajectory sensitivity to selected parameters; 
o trajectory dispersions and their propagation effects; 
o ground based and on-board navigation requirements; 
o thrust control authority and thrust accuracy requirements; 
o trajectory and system estimation accuracies; 
o evaluation of dynamic and measurement error sources; 
o mission strategy evaluation; 

p probabilities of mission success or science return. 

Many of these applications in terms of MAPSEP operation will be dis- 
cussed in the following sections. ^ 

It is clear that MAPSEP has a sizeable amount of input in order 
to be flexible in its analysis capability. However, only a small 
segment of input is often used at any one time. The question of 
where these input values come from is problem dependent. For example. 
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if MAPSEP is used as part of a Phase B system design process, then 
TOPSEP would be operated first to generate one or more integrated 
reference trajectories for the baseline configura tion (s) , GODSEP 
would be used parametrically to examine the effects of various levels 
of error sources on the system and trajectory, and SIMSEP would be 
operated sparingly to evaluate specific error values. The initial 
trajectory values, e.g., specific impulse, launch velocity and mass, 
power levels, etc. would be obtained from the mission analysts who 
performed mission opportunity searches. Earth based navigation 
characteristics (including their respective error sources) would be 
obtained from operational tracking networks. Thrust performance and 
other on-board characteristics, and uncertainty levels, would be 
obtained from the respective subsystem areas. Guidance success 
zones and mission strategy would depend primarily on science or 
other mission objectives. Unfortunately, many of the input values 
are not received in forms that are directly usable. A small amount 
of preparatory analysis and supplementary software is often needed. 
This requires knowledge both of the subsystem where the. data origi- 
nated and of MAPSEP. A reverse problem also exists, namely, how to 
translate MAPSEP results into information needed by other subsystems. 
Thus, operating MAPSEP effectively is considerably more involved 
than just being familiar with the input and output. 

The common element of all mode usage is the gTRAJ namelist which 
describes the nominal trajectory. The required input of gTRAJ con- 
tains as a minimum the variables 
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TLNCH, TEND, STATE, SCMASS, THRUST, ENGINE, STEP, IC00RD, 

IST0P, NTP, NB, M0DE, 

with other parameters being optional. In the following sections, 
it is assumed that the basic 0TRAJ has been input, except as noted. 
Each mode is then treated as a separate program, which is true for 
most MAPSEP applications. 

4 . 1 Trajectory Generation - TOPSEP 

There are four basic applications of the TOPSEP mode: (1) 
trajectory propagation, (2) trajectory grids, that is, a matrix of 
trajectories corresponding to different control parameter steps (3) 
trajectory targeting to meet mission objectives, and (4) trajectory 
targeting and optimization. These submodes are often used in 
sequence to eventually obtain an optimal low thrust trajectory. They 
can also be used independently, for example, to generate a time his- 
tory of Earth-Sun-vehicle relative geometries for a baseline mission. 
Each submode or TOPSEP option is defined by parameters in the namelist 
$T0PSEP which is input directly after 0TRAJ. 

The most common usage of TOPSEP is in generating a targeted 
trajectory with system constraints reflecting a proposed spacecraft 
and mission. Final mass optimization is generally not used because 
most low thrust trajectories have relatively flat performance curves 
in the local area of interest. 

The targeting (and optimization) procedure begins with an initial 
guess of the trajectory controls: initial state and mass, thrust 
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segments Including duration, thrust magnitude and pointing, and 
vehicle characteristics including specif ic impulse, base power level, 
thruster efficiency, etc. These inputs are put in j$TRAJ. The ini- 
tial guess is often a combination of engineering intuition and results 
from a mission opportunity search program, for example, SECKSPOT 
(Reference 8) and POST (Reference 9). The value of a reasonably 
accurate initial guess cannot be overemphasized. The targeting 
process for low thrust trajectories is often so non-linear that 
many iterations are spent just to bring an initial guess into the 
"ball park". 

Assuming that a bad initial guess occurs, which is generally 
the case, then many single trajectories are computed for various 
values of initial coast time, thrust direction and magnitude in 
dominant thrust phases, power level, etc. One or more trajectories 
are selected from this semi-random collection to start the targeting 
submode. An alternate, or supplementary, technique is to apply the 
grid submode. This permits a somewhat more organized search for 
acceptable trajectories and also reveals the extent of nonlinearity 
in the control vs. target error hyperspace. In any case, the inte- 
gration step size factor should be set to a large value, e.g., 

STEP =1., to minimize run time and cost because many trajectories 
may have to be examined before a satisfactory one is reached. 

The initial guess selection represents the zeroth level of a 
targeting strategy. Thereafter, the targeting submode is entered 
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and the strategy is to stabilize the targeting process and prevent 
divergence. An example of a targeting strategy for an Earth-orbital 
mission is Table 4-1 (specific numerical examples can be found in the 
sample case of Section 3.2.1), The first level varies initial condi- 
tions, segment times and control parameters in the early thrust (and 
coast) phases. The target parameters are usually specified at some 

intermediate point in the trajectory rather than at the mission end 
time. The second level strategy then continues to vary thrust duration 
and controls to target to other intermediate time points until the end 
time is finally reached and the end time targets are within rather 
loose tolerances. The third level then successfully refines the con- 
trol parameters and the trajectory accuracy until all desired target 
conditions are met within the tight tolerances. (An alternative 
strategy might be to set the desired target values higher than those 
possibly attainable at the intermediate and final time points and 
simply remove as much of the target error as possible.) Thereafter, 
optimization with respect to final mass may be performed if desired. 




CONTROL 

PARAMETERS 

TARGET PARAMETERS ] 

LEVEL 

STEP SIZE 
(STEP) 

TYPE 

SENSITIVITY 
TO TARGETS 

TYPE 

TOLERANCES 

0 

Large 

Initial 
Conditions , 
Early 
Segments 

High- 

Medium 

All (Inter- 
mediate 
time) 

Very Loose 

1 

Medium 

Initial 

Conditions, 

Early 

Segments 

High- 

Medium 

All (Inter 

mediate 

time) 

. Loose 

2 

Medium 

Early and 
Intermedia te 

High- 

Medium 

All (Inter 1 

mediate 

time) 

. Loose 
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Small 

Intermediate 
and Late 

Medium- 

Low 

All (final 
time) 
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TABLE 4-1 


Earth Orbital Targeting Strategy 
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It is apparent that every mission will have a different effec- 
tive targeting strategy depending upon the initial guess and mission 
objective. Furthermore, there is a considerable amount of user 
decision making and intuitive reasoning that is required. The 
unfortunate result is that the targeting process becomes less 
mechanical and more subjective. 

4.1.1 Trajectory Propagation 

\ 

The simplest TOPSEP application is propagation of a single 
trajectory for spacecraft ephemeris information. In addition to the 
trajectory parameters in $TRAJ with M0DE = 1 (See Section 4.0), the 
required #T0PSEP parameters are IM0DE - 1 and MPRINT(l) equal to the 
appropriate print option. 

4.1.2 Trajectory Grid 

As mentioned earlier, the uses of a trajectory grid can be (1) 
searching for a reasonable initial trajectory to start the targeting 
submode, (2) investigating the non-linearity of the hyperspace 
containing control and target parameters, (3) determining appropriate 
perturbing step sizes in control parameters for numerical differenc- 
ing, or (4) any combination of these. 

The grid submode in TOPSEP requires only a few more parameters 
in #T0PSEP than the simple trajectory propagation. These are IM0DE “ 
3, H(I,J) = perturbation from the nominal for the(l, j)control para- 
meter, HMULT = scale factor of perturbations for second step, and 
MPRINT(l) equal to the appropriate print option. 
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For example, an input of H (2, 2) =2., H (8, 21) - .01, 

HMULT =2., -.5, would result in the display of five trajectories: 
(1) the nominal, (2) nominal with duration of second thrust phase 
extended by two days, (3) nominal with duration of second thrust 
phase extended by four days, (4) nominal with initial velocity 
magnitude increased by *.01 Km/sec, and (5) nominal with initial 
velocity magnitude decreased by .005 Km/sec. 

If more than two steps in each control direction are desired, 
it is a simple matter to stack cases. The organization of the 
input deck is as follows. After the first case (0TRAJ and 0T0PSEP 
namelists) each succeeding case requires only a $T0PSEP namelist 
with the appropriate changes to H and HMULT. To cycle back to 
the T0PSEP data overlay the parameter M0DE must be set to -1 in 
the 0TRAJ namelist. The main overlay will not be re-entered; thus, 
the run will be terminated after the last gT0PSEP namelist. Any 
additional gTRAJ namelists will be skipped in the search for 
0T0PSEP namelists. If the user wishes to adjust the nominal tra- 
jectory for any of the subsequent stacked cases (i.e., add thrust 
phases, extend or reduce phase durations, change cone and clock 
angles, etc.) M0DE must be set to 1 in the first 0TRAJ . Each of 
following stacked cases consists of pairs of $TRAvJ and 2T0PSEP 
namelists. The user should realize, of course, that any inputs, 
which are not explicitly reset, maintain their last value in 

succeeding cases. 

4.1.3 Trajectory Targeting 

The primary purpose of the TOPSEP mode is to generate an 
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integrated trajectory which fulfills a given set of mission constraints 
while minimizing fuel expenditure (or maximizing deliverable payload) . 

By far the most difficult part of trajectory generation is the target- 
ing process. Non-linearities in trajectory dynamics often wreak havoc 
with the linear methods used in both targeting and optimization. This 
is especially true for Earth orbital low thrust trajectories with an 
inaccurate initial guess. It is highly recommended that the user famil- 
iarize himself with Chapter 5 of the MAPSEP Analytic Manual, and con- 
tinually refine his targeting strategy depending upon the results of 
each iteration. 

Input for a TOPSEP targeting run consists of the namelists $TRAJ 
and $T0PSEP . The $TRAJ variables define the reference trajectory and 
serve as the initial guess (zeroth iterate) for the run. The $T0FSEP 
namelist defines the targeting strategy. Those parameters which are 
used to alter the initial trajectory in the TOPSEP mode are described 
below. 

o IM0DE = 2 specifies the targeting (and optimization) submode. 

o IASTM = 1 refers to the augmented state transition method of 
targeting. The sensitivity matrix, which is necessary to com- 
pute the control correction, is calculated from the integrated 
STMs. Selection of this option precludes the optimization 
process and also requires that the trajectory be terminated on 
final time (IST0P = 1 in $TRAJ). The set of controls is re- 
stricted when STM targeting is used. The controls which may be 
selected are: 1) the initial state (x, y, z, x, y, z) ; 2) thrust 

phase end time; 3) throttling; 4) pitch angle (or in-plane 
angle); and 5) yaw angle (out-of-plane angle). 
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If IASTM = 0, numerical differencing techniques are used 
to compute the sensitivity matrix. This targeting procedure 
requires more computation time; however, there is no restric- 
tion on the set of controls which may be selected, 
o Non-zero values in the H array denote active control parameters. 
In addition, when IASTM = 0 the values of H represent the con- 
trol perturbations to be used in constructing the sensitivity 
matrix. For example, if H(4, 21) = 10., H (2, 1) - .1, 

H (4, 5) = .5 are input, then there will be three active con- 
trol parameters: initial position magnitude, phase end time 

of the first thrust phase and thrust pitch angle of the fifth 
phase. The perturbations used to construct sensitivity matrices 
will be 10 Km., .1 days and .5 degrees, respectively, 
o ULXMIT are the minimum and maximum bounds, if any, on the con- 
trol parameters. ULIMIT can be used not only to impose hard- 
ware related constraints, but also to modulate the targeting 
process. Used in conjunction with PCT, ULIMIT insures that 
control corrections will not be unacceptably large. Also, 
proper usage of ULIMIT will restrict controls such as phase 
end times from drifting through any other set phases, 
o IWATE determines the type of weighting scheme to be applied 
to the control parameters. The most frequently used values 
of IWATE in order are: 

oo IWATE = 2 for normalized control weighting when 
very little or no information about the target- 
ing problem is present and when controls with 
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different units are used simultaneously. 

This is also valid when all the controls 
are thrust phase times, and normalization 
is still according to the magnitude of 
the controls. 

oo IWATE = 1 when the user has gained expe- 
rience with the specific targeting problem 
and can select his own weights. 

o UWATE are control weightings which scale the basic weighting 
scheme specified by IWATE. The relative weights among the 


control parameters impact the targeting process. 
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In general , weights should be smaller for controls earlier 
in this mission than for similar control parameters in later 
mission phases to account for diminishing target sensitivities 
to controls in these latter phases* 
o Non-zero values in the TART0L array denote active target 

parameters and their tolerances, analgous to the H array for 
control parameters (arty negative tolerance denotes 
equatorial targets). 

o TARGET contains the desired values of the active target parameters, 
o JWATE is used to "normalize" the target variables by dividing 
by their respective tolerances; this is especially helpful in 
determining linear control dependency (See ST0L) when different 
types of target variables are used, e.g., position and velocity 
or time of flight and closest approach distance, 
o ST0L is used in linear dependency tests, that is, if two (or 
more) control parameters have the same effect on the target 
parameters, as measured by a vector inner product test of 
the appropriate columns of the sensitivity matrix, then at 
least one of the dependent control parameters is deactivated 
for the current iteration. ST0L is the sine of the minimum 
acceptable "angle" between the column vectors of the sensitiv- 
ity matrix and is highly sensitive to the control weights 
and target tolerances. If no target weighting is employed 
(JWATE = 0), then ST0L should be quite small, for example 
ST0L = l.E-6; otherwise, ST0L. should be about .001. ST0L 
can also be used to terminate a targeting run after the 
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sensitivity matrix has been computed and before any trial 
trajectories are taken (ST0L=1) . 

o PCT determines what fraction of the target error should be 
eliminated for the current iteration and scales the control 
correction accordingly; if the targeting porcess is very 
non-linear, then the sensitivity matrix (used to compute 
control corrections) is valid only over small regions around 
the nominal, and PCT should be set to a small level, e.g„, 
PCT = .1; on the other hand, a full control step (PCT = 1.) 
will attempt to remove all the target error at once which 
is effective only for relatively well-behaved (linear) 
problems . 

o NMAX is the maximum number of iterations which is typically 
set to less than 3 so that the targeting process can be 
continually monitored and the targeting strategy can be 
changed accordingly. 

The parameters H, ULIMIT, IWATE , UWATE, TART0L , TARGET, JWATE, ST0L, 
PCT and NMAX generally provide the most significant effects and are 
the most often used parameters in the adaptive targeting process. 
However, there are also a number of options which are very helpful 
in stabilizing or accelerating convergence of the targeting process 
under certain conditions. 

o BT0L is used in conjunction with the control constraints 
(ULIMIT) to define a marginal area near control boundaries. 


If a control lies in this area and a control correction is 
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made to the ULIMIT boundary, a modification is made to the 
iteration process. The control on the bound is made 
inactive and a control step using the remaining controls 
is computed from the modified performance gradient and 
sensitivity matrix without incrementing the iteration 
counter. If the control is in the feasible region but not 
in the tolerance region and a control correction is made to 
the boundary, the control is also made inactive; however, a 
new performance gradient and sensitivity matrix are computed 
for the next step. 

o EPS0N determines what action is to be taken if all the trial 
trajectories are worse than the reference in terms of the 
quadratic target error index. If EPS0N is zero, the run 
is terminated; if EPS0N is non-zero, it is assumed that 
the sensitivity matrix is invalid and a new sensitivity 
matrix is computed using the reference trajectory and new 
control perturbations (the old values (H) scaled by EPS0N) . 
The trial trajectory process is then repeated. EPS0N is 
used to compute a more well-behaved sensitivity matrix by 
changing secant partials to tangent partials, or vice 
versa, depending upon the strategy. 

o GTRIAL are the one-dimensional search constants, which are 
used to find the minimum target error (or cost index) in 
the & U direction. They are useful tools to restrict the 
search in the & U direction depending upon the level of 
the targeting search (refer to Table 4-1). 
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oo GTRIAL(l) is most useful in restricting the per- 
centage decrease in the size of the control scale 
factor from the preceding estimate, 
oo GTRXAL(2) restricts the scale factor estimate to 
a maximum allowable value, 

oo GTRIAL(3) is a minimization tolerance on the control 
scale factor. A "loose" tolerance value of ,1 will 
cause the search to terminate if the estimated 
control scale factor is within 107, of the preceding 
value. A "tight" tolerance of .01 or less may 
result in the use of all of the possible polynominal 
curve fits in the A H direction since convergence 
is based upon a 17* difference in two successive 
scale factor estimates. 

oo GTRIAL(4) has a similar control on the search as 
GTRIAL(3). 5 The factors which are compared are the 
estimate and actual values of the index to be 
minimized. If GTRIAL(4) is relatively small (< .01) 
it is likely that more trial steps will be taken per 
iteration than if the tolerance is "loose" ( > ,1). 
oo GTRIAL(5) restricts the extent of the search in the 

A U direction. The maximum value is 4 which indicates 
that all four curve fitting techniques may be used if 
convergence is not realized up to the fourth fit 
(e.g., two-point-one- slope fit, three-point-oner 
slope fit, three-point fit, four-point fit). 
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o An option that can save significant computer time is the 
ability to input the target sensitivity matrix S and per- 
formance gradient G, by setting INSG = 1 in $T0PSEP, instead 
of computing S and G internally. This might be done, for 
example, if (1) a previous run computed a sensitivity matrix, 
but neither the trial trajectories nor a control correction 
were implemented, or, (2) the number of controls and/or tar- 
gets were to be changed (the input G and S would be composed 
of elements from previous G and S matrices) assuming the refer- 
ence trajectory has not been changed (much), or (3) a sensi- 
tivity matrix is available from some other program or method, 
o DFKAX is used to restrict increases in the cost index (nega- 
tive of payload) associated with a targeting step. For ex- 
ample, if a targeting control correction reduces the target 
error but also reduces the SEP payload more than the DFMAX speci- 
fication the control correction will be appropriately scaled. 

The targeting process can best be illustrated by a simple example. 
Figure 4-1 is a diagram of control parameter space (U^, l^) with con- 
tours of constant target error (T_ T. ... T ). Target contours 

D 4 o 

are a strong function of the particular types of target and control 
parameters, and are often very non-linear. The outer dashed lines 
represent control constraints (ULIMIT) and the region between the 
inner and outer dashed lines represent the "marginal" area. The 
starting point or initial guess lies at U 2 = 0 and the boundary = 
ULIMIT(1, 2). The eventual point of convergence is near one of two 
possible minima and on the boundary = ULIMIT(2, 2). Convergence 
to a local minimum and not to a point of zero target error is gener- 
ally the case rather than the exception even though there are more 
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controls than target parameters. The control correction steps 
A £<1), •••» A M.(5) represent the results of five corresponding 
iterations of TOPSEP, each one of which includes computation of the 
sensitivity matrix and trial trajectories. Note that A U(3) resulted 
in controls which lie in the feasible region but outside the marginal 

area, and the next iteration A IJ (4) resulted in contact with the 
boundary. The next iteration A U(5) moved along the boundary 
to the point of minimum target error. If AU(3) had ended up within 
the marginal area, but not necessarily on the boundary itself, then 

the BT0L logic discussed above would be exercised. 

Although the control corrections appear to be orthogonal to the 
target error contours, this is not always the case (except in a small 
region near the reference control point of each iteration). The con- 
trol parameter weights (UWATE) and basic weighting scheme (IWATE) are 
used to alter the shape of the general contours such that the control 
correction is applicable over a wider control area, rather than the 
localized area near the reference point. Indeed, a more accurate 
representation of the contours and targeting process would be in 
"weighted" space, that is, control and target parameters divided by 
their respective weights. In weighted space, wherein the control 
corrections are actually computed, contours might look completely 
different. Furthermore, the test of linear dependency (ST0L) between 
control parameters takes on a more obvious geometrical significance 
because the weighted control and target parameters are not so depen- 
dent upon units (seconds vs. days, radians vs. degrees, etc.) or 
mission segment (early vs. late). 
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The targeting strategy can be reduced to choosing appropriate 
control and target parameters and their weights. Because of this, 
targeting is more an art than a science. Furthermore, a good initial 
guess is required to minimize computer time and "artistic” effort. 
4.1.4 Trajectory Optimization 

When a trajectory has been found which meets, or nearly meets, 
desired targeting conditions, TOPSEP can be used to refine the tra- 
jectory and maximize payload. However, this option is rarely used 
because by the time a targeted trajectory has been computed which 
also meets the varied constraints of the mission and S/C system, 
there is little performance left to optimize. It is probable of 
course that only a local optimum has been reached, but to find 
another local optimum (much less the global optimum) requires 
untargeting the trajectory, at least temporarily, to reach a signif- 
icantly different point in control vs. performance space. 

The optimization problem is similar to that illustrated previ- 
ously in Figure 4-1 where target error contours are replaced by 
performance contours. A significant difference, however, is that 
the starting point is already very close to the (local) optimum. 

The inputs to #T0PSEP for optimization include all of those 
required for targeting, in addition to 

o 0SCALE, used to establish the relative weighting between 
net cost (See Analytic Manual) and target error for 
simultaneous optimization and targeting; that is, the 
parameter to be minimized is the sum of net cost, 
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multiplied by 0SCALE , plus the quadratic target error; 
note that the quadratic target error depends upon both 
the actual target error and their tolerances, and it is 
close to or less than one for a reasonably targeted 
trajectory. 

o TUP is the boundary of quadratic target error above which 
targeting only is performed and below which simultaneous 
targeting and optimization occurs, 
o TL0W is the boundary of quadratic target error above 
which simultaneous targeting and optimization occurs and 
below which optimization only is performed, 
o DF2 is a constant which is used to scale the optimization 
correction relative to the constraint correction. Thus, 
the user is capable of restricting optimization control 
corrections which introduce large target errors. (Analytic 
discussion in Reference 1, page 50.) 
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4.2 Linear Error Analysis - GODSEP 

The linear error analysis mode provides a relatively quick 
evaluation of trajectory errors due to anticipated system and envi- 
ronmental uncertainties. There are several analysis techniques 
available within GODSEP depending upon the mission segment, affected 
systems and desired analysis depth. Tbe most common options are (1) 
generation of trajectory and state transition matrix data related to 
a selected reference trajectory and storing the data on disc and/or 
tape, the STM file, (2) a covariance analysis . about some portion or 
all of the reference trajectory using data on the STM file, (3) a 
combined STM file generation and covariance analysis in a single 
run, (4) an evaluation of error source mismodeling effects (gener- 
alized covariance) based upon a previous covariance analysis (which 
assumed perfect modeling), and (5) a covariance analysis of the 
reference trajectory using integrated covariances (PDOT) instead of 
the transition matrix methods. 

Whatever option is chosen, the namelist $G<?DSEP must be input 
directly after $TRAJ to specify necessary parameter values. Other 
input features are optional, for example, specification of STM and/or 
GAIN files, input of namelist $GEVENT for guidance events, and input 
of fixed field cards containing measurement event and propagation 

event data, 

A typical error analysis needs as input (1) an integrated ref- 
erence trajectory, (2) expected dynamic and navigation error sources, 
(3) a guidance and navigation strategy, and (4) system constraints, 
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tolerances and evaluation criteria. The reference trajectory is 
obtained from TOPSEP as discussed in the previous section. Both 
expected error source levels and the guidance and navigation strategy 
are related to mission objectives and subsystem characteristics. 
Strategy includes the type and density of observations used in navi- 
gation, both on-board and ground based, orbit determination (OD) 
method, and the type and frequency of guidance updates. 

System constraints and tolerances can be defined a-priori or 
can be determined as part of the error analysis. Generally, some 
baseline requirements are established and the error analysis either 
confirms them or points out needed changes. Another criterion for 
evaluation of trajectory errors is the guidance success zone. This 
is the region of acceptable terminal error as determined by minimum 
science return and/or by post encounter requirements. 

In terms of MAPSEP and GODSEP operation, once a trajectory has* 
been defined by TOPSEP, that is, initial state vector, thrust/coast 
segment times, thrust controls, etc., then the linear error analysis 
begins with generation of an STM file. The STM file is created by 
propagating the reference trajectory and writing, on disc, state 
transition matrix and trajectory related data at specified epochs. 

The STM file can be saved on tape for permanent storage such that 
subsequent analyses do not need to regenerate the reference data. 

This is often the case for a parametric examination of error sources 
and mission strategies. 

Once an STM file is created, GODSEP can be operated in the 
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standard covariance mode* That is, a-priori covariances (control 
and knowledge) are propagated using transition matrices, off the 
STM file, from one event to the next. At each event the control 
and/or knowledge covariance is modified. For example, at a meas- 
urement event, observation matrices and a filter gain are computed, 
then the knowledge covariance is updated to reflect the new trajec- 
tory estimate (non-de terminis tically ) . The only exceptions where 
a. covariance is not modified at an event are eigenvector (for 
instantaneous covariance display) and prediction (for display of a 
future covariance assuming no further measurements or guidance). 

Thus, a time history of expected uncertainties in actual (control) 
and estimated (knowledge) parameters is computed as the sequence of 
mission events unfolds. 

In the course of a system design, the standard covariance 
analysis is run many times with varying levels of error sources, 
measurement schedules, guidance policies, etc* At some time, how- 
ever, certain key assumptions should be evaluated. One of these 
assumptions is the effective process noise model which is an integral 
part of covariance propagation using transition matrices. The PDOT 
option in GODSEP permits a more realistic (in a mathematical sense) 
evaluation of thrust process noise by integrating a state covariance 
explicitly. The state is augmented by parameters which characterize 
the noise process. Correlations between thrust noise and other para- 
meters, dynamic and measurement, are computed as part of the PDOT 
covariance propagation. This is in direct contrast to the standard 
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covariance analysis where these correlations are assumed to be zero. 

In many cases, these correlations will be small, but in some mission 
phases they may contribute significantly to the error analysis results 

The PDOT option does not use the STM file, but is more costly 
to run than STM file generation and a standard covariance analysis 
combined, primarily because of the augmented state. Furthermore, 
because of its support role, no guidance or prediction events are 
allowed in PDOT. 

A second assumption in the standard covariance analysis is that 
all process characteristics and expected performance deviations are 
known. That is, the OD algorithm assumes that uncertainties in 
dynamic and measurement parameters are perfectly described by input 
levels. If the true uncertainty in any parameter is different from 
that assumed by the OD process, the error analysis results may be 
invalid. Verifying error analysis results can be done by simulation 
(See SIMSEP description) but this can be expensive. So, an alterna- 
tive verification technique is provided in the error analysis mode, 
called generalized covariance. 

The importance of parameter mismodeling is not just knowing 
that it exists -- it will always be impossible to model the real 
world exactly — but also knowing what its impact is on the error 
analysis. To determine this, generalized covariance first requires 
running of a standard covariance analysis with the filter gains at 
each measurement being written on the GAIN file. The GAIN file 
should be created in the course of any standard covariance analysis 
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if it is anticipated that a generalized covariance will be run later 
to evaluate suspected mismodeling. 

In execution, generalized covariance operates on a set of "true" 
covariances, propagating them by using the STM file and updating them 
at a measurement with the assumed filter gain from the GAIN file. 

The "true" covariances may have different a-priori levels on some 
parameters and may even include parameters not appearing in the orig- 
inal error analysis. The resulting output may then be compared to 
the original results to determine the sensitivity of the OD process 
to the mismodeling. 

Note that generalized convariance handles, in effect, two types 
of mismodeling: differences in the level of process uncertainty and 

mismodeling of the process itself. Obviously, a more rigorous analysis 
would apply the trajectory simulation mode, SIMSEP. However, running 
SIMSEP would be very costly to produce the studies that generalized 
covariance can perform in one short run. This assumes of course 
that linearity is valid which is the key assumption in GODSEP, By 
Using generalized covariance in GODSEP, SIMSEP can be used primarily 
for testing linearity assumptions and not mismodeling, 

4.2,1 STM File Generation 

A basic requirement for the standard covariance analysis is a 
reference trajectory with associated transition matrix information. 

The trajectory data* is first created by GODSEP and stored on a disc 
file (STM). The STM file can then be used and reused for any number 
of linear error analyses related to the reference mission. 



156 


In addition to the standard trajectory variables (Section 4.0), 
the $TRAJ namelist requires 
o ISTMF = 1 
o M0DE = 2 

o IAUGDC to designate which dynamic parameters are 
augmented to the basic spacecraft state of position 
and velocity. 

Since the STM file is intended for many applications, it is recom- 
mended that IAUGDC activate all parameters that the analyst thinks 
might be needed in subsequent error analyses. Also, since the 
THRUST array computed by TOPSEP does not contain explicitly any 
coast periods due to shadow (TOPSEP shadowing is accounted for 
internally), then the THRUST array must be modified to include 
explicit coast periods representing shadow plus thruster start-up 
delay time. This can be done automatically if REFSEP is used 
(See P. 52-E). Since the THRUST array is currently limited to 
40 phases, GODSEP can analyze a trajectory segment that contains 
at most 19 shadowed occurrences, in any one run. 

The next namelist, 0G0DSEP, is required to establish the grid 
of trajectory points at which spacecraft state and mass, thrust 
acceleration and other trajectory data are computed, and between 
which transition matrices for the augmented state are computed. 

The grid of time points need not correspond either one to one or to 
an exact time of events of a following error analysis but should be 
set up to cover approximately the expected events. For example, a 
greater intensity of time points should be inserted where Earth- 
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based tracking arcs are anticipated whereas only a few points should 
be placed between tracking arcs. It is very important that the time 
grid on the STM file cover the maximum conceivable event schedule to 
avoid regeneration of an STM file. 

Time points can be established in many ways. The simplest 
method is to set NSCHED equal to the number of scheduling cards and 
then follow the 0G0DSEP namelist (which would contain only NSCHED) 
with scheduling cards corresponding to a desired trajectory grid. 
Either arbitrary measurements or propagation events can be used. 

An alternate scheme is to use an anticipated error analysis 
event schedule. That is, specify appropriate eigenvector events 
(NEIGEN and TEIGEN) , prediction events (NPRED, TPRED and TPRED2) , 
guidance events (NGUID, TGUID, TCUT0F and TDELAY) and NSCHED. Then 
follow with scheduling cards corresponding to a desired measurement 
schedule. Of course, the composite event schedule should be set up 
to cover all possible future analyses. 

Whatever the method of establishing time points for the STM 
file, a number of additional time points will be inserted automat- 
ically. These correspond to thrust policy changes, that is, thrust ' 
reorientation and thrust/coast switching, and to changes in the 
number of operating thrusters. 

4.2.2 Standard Covariance Analysis 

Once an STM file is generated, the standard covariance analysis 
can be run either as a stacked case or as a separate run. The only 
variables required in #TRAJ are ISTMF = 2 and M0DE = 2. Inputs to 
S5G0DSEP are much more involved and depend upon the particular anal- 
ysis in mind. 
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The easiest GODSEP application is propagating a covariance from 
one time point to another. This may be desired, for example, to 
look at effects of thrust or other dynamic uncertainties on the 
growth of trajectory errors. In this case $G0DSEP requires: 
o TCURR = input epoch of the a-priori covariance; 
o TFINAL = GODSEP termination time; this is required 
only if it is different from the final time on the 
STM file; 

o P is the a-priori covariance (in standard devia- 
tions) and associated dynamic and/or measurement 
covariances: CXS, CXU, CXV, PS, CSU, CSV, PU, CUV, 

PV. Note that the augmented parameters for a simple 
covariance propagation may be input as either solve- 
for or consider parameters; 
o IAUG denotes the augmented parameters which 
correspond to the input covariances; 
o NEIGEN the number of time points at which the 
covariance is printed and TEIGEN is the array of 
time points; the exact times will correspond to 
whatever is available on the STM file, near the 
desired times, within the forward and backward 
time tolerances, T0LF0R and T0LBAK, respectively; 
the user shall keep in mind that thrust control 
events (switching of thrust policy or number of 
operating thrusters) are automatically printed 
at the exact times of occurrence; 
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o EPTAU and EPSIG are required if thrust noise 
is present , otherwise DYN0IS = .FALSE, must 
be set; 

o J0BLAB is used for a job heading to describe 
this run. 

No other input needs to be included in $G0DSEP, nor are scheduling 
or any other cards required. 

The most common GODSEP usage is the evaluation of a naviga- 
tion strategy and a set of error sources for the reference mission. 
This includes tracking, orbit determination (OD) , guidance and, 
possibly, prediction, propagation and eigenvector events for addi- 
tional data display. In this case, #G0DSEP requires all of the 
inputs needed for the simple covariance propagation plus 
o C0NRD = .TRUE., and PG, CXSG, ..., FVG, for 
the a-priori control covariance if it is 
different from the input knowledge covariance, 
and TG, XG, GMASS to define the trajectory 
epoch; 

o Guidance event parameters; NGUID, TGUID, TCUT0F , 
TDELAY , C0NWT, IGP0L , IGREAD , TIMFTA to denote 
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characteristics of the thrust update process; 
if IGP0L is zero for any guidance event (that 
is, an artifical guidance event whose sole 
function is to print the control covariance, 
analgous to an eigenvector event), then the 
corresponding event values in TCUT0F, TDELAY, 

C0NWT, and IGREAP are ignored; 
o Other non-measurement events: NEIGEN and 

TEIGEN for eigenvector; NPRED, TPRED and 
TPRED2 for prediction; 
o IGAIN for the type of OD filter; 
o SIGMES, SIGALT, SIGLAT, SIGL0N, C0RL0N for track- 
ing measurement noise standard deviations; 
o PUNCHE to denote at which event types punched 
card output is obtained (covariance and 
state); 
o NSCHED 

There are of course many optional parameters which may be input 
depending upon the particular GODSEP application. For example, if 
the number of 2-way doppler measurements per day is different than 
12, then D0PCNT should be changed, or, if the error analysis event 
schedule must be meshed with a fairly different STM grid, then the 
tolerances T0I|F0R and T0LBAK might be altered. 

With regard to schedule tolerances, the user should keep in 
mind the process of which events are chosen to be executed at which 
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STM time points. For example, in Figure 4-2, Event E will be per- 
formed at the STM time point STM(I). Event E 2 will not be processed 



Figure 4-fc. Event and STM Meshing 

at all ; if SCHFTL — .TRUE., then the run will be terminated immedi- 
ately. Events E 3 and E^ will both occur at STM(I+1). In Figure 4-3, 
where T0LBAK is so large that it overlaps a previous STM point, E^ 
is still executed at STM(I) because an earlier STM point and its 
tolerances take precedence over subsequent STM points. Events E^, 

E 3 and E^ are all executed at STM(I+1). Thus, it is very important 
that some foresight be applied to creation of the STM file and some 
consideration be applied to the. use of the STM file in event schedul- 
ing of a covariance analysis. 


STM (1+1) 



Figure 4-3. Event and STM Meshing 
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A number of print and- input/output options also exist in 0G0DSEP. 
One of the more important output controls is GAINCR which determines 
whether or not a GAIN file is to be created for a subsequent general- 
ized covariance analysis (Section 4.2.4), Another option is the 
punch flag, PUNCHE, which produces punched cards of state and cov- 
ariance for selected event types. This option is quite useful in 
subsequent error analyses to eliminate unnecessary repetition of 
mission segments, especially tracking arcs. 

Following the 0G0DSEP namelist are fixed field schedule cards 
which determine the type, density and span of measurements used for 
navigation and the spacing of propagation events. Propagation 
events are used primarily to condition the process noise terms, in 
particular, to break up long propagation intervals, for example 
those greater than 2 days, wherein there are no other events and 
in which the effective process noise model breaks down. 

An option which can be used to facilitate parametric operation 
of GODSEP is storing the 0G0DSEP namelist on the GAIN file (GAINCR = 
.TRUE.) even if no subsequent generalized covariance analysis is 
intended. In any following error analysis run, setting ISTMF = 3 
in 0TRAJ will cause the 0G0DSEP namelist to be read off the GAIN 
file and the user need only input those parameters in 0G0DSEP which 
are different from the run that created the GAIN file. The user will 
still, however, be required to input NSCHED and follow the 0G0DSEP 
namelist with the appropriate measurement and propagation event 
scheduling cards. 
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After the scheduling cards there exists the possibility of one 
more set of cards, the namelist #GEVENT. If guidance events are 
requested and if any of the entries in IGREAD (in gG0DSEP) are non- 
zero, then the 5$GEVENT namelist must be input immediately after the 
scheduling cards. If IGREAD = 2, gGEVENT allows input of VMAT, the 
variation matrix of target parameters with respect to guidance start 
state, SMAT, the sensitivity matrix of target with respect to guidance 
thrust controls and BURNP , guidance burn parameters. If IGREAD = 1 or 
2, $G EVENT also allows updating of values in C0NWT, NC0N, TARWT and UMAX. 
One #GEVENT namelist is required for each non-zero entry in IGREAD up 
to the number of guidance events (NGUID). Using 0GEVENT increases the 
speed of a GODSEP run by eliminating guidance related computations 
already performed by earlier runs. A standard output at all guidance 
events are punched cards for VMAT, SMAT and BURNP whenever these 
matrices are computed and not already input. 

It is apparent that GODSEP input (Figure 4-4) is complicated 
because of the requirement for extensive analysis capability e 



Figure 4-4. Standard Covariance Analysis Input 
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There is no substitute for experience in terms of what input/output 
options are chosen and what sequence of GODSEP runs should be made 
for a specific mission or problem, 

4.2,3 Combined STM File Generation and Error Analysis 
In general, it is not recommended that GODSEP cases be stacked 
in a single run because of the amount of output which the user 
should look at before submitting the next case. There is one recog- 
nized exception combining the STM file generation with a standard 
covariance analysis. However, even this stacked case is not without 
peril because of the danger of miscreating the STM file with subse- 
quent operation by an unsuspecting covariance analysis. The combined 
STM generation and analysis run may be used for two reasons: (1) the 
covariance analysis is a simple check case to verify the adequacy of 
the STM file, or (2) the reference mission is relatively unique and 
no further analysis is anticipated. 

The inputs to MAP SEP are straightforward (Figure 4-5) and 



Combined STM Generation and Error Analysis Input 


Figure 4-5 
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follow the detailed descriptions contained in Sections 4.2.1 and 
4.2.2 for generation of the STM file and covariance analysis, respec- 
tively. Since GODSEP does not retain event information from one run 
to the next, the event and scheduling cards used to generate the STM 
file must be repeated for the error analysis (assuming the STM file 
is to be applied only for that error analysis). 

4.2.4 Generalized Covariance 

A standard covariance analysis (SCOV) assumes the OD filter 
knows percisely the form, behavior and initial - level of any process 
uncertainties, and can estimate and/or consider their appropriate 
effects. Generalized covariance (GCOV) is used to examine differ- 
ences between the assumed and real-world uncertainties as they 
interact with the OD process. Thus, an explicit requirement for 
exercising the GCOV option is a previous SCOV run which has written 
its filter gains on a GAIN file (GAINCR = .TRUE, in 0G0DSEP). The 
GCOV run(s) can be stacked behind the SCOV, although this is generally 
not recommended. • 

Exercising GCOV requires two tapes or files, STM and GAIN. The 
tfTRAJ namelist requires only M0DE - 2 and ISTMF =3. The 0G0DSEP 
namelist also requires only a few inputs because the measurement, 
propagation, and print schedule, a-priori covariance, noise levels, 
etc. are all obtained from the GAIN file. Thus, 0G0DSEP input is 
o GENC0V - .TRUE, and GAINCR = .FALSE.; 
o IAUG to activate ignore parameters, that is, 
those parameters known to the real-world 
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(GCOV) but not by the assumed world (SCOV); 
note that only those parameters not already 
activated as solve-for or consider in the 
SCOV are available to be used as ignore 
parameters; 

o CXW, CSW, CUW, CVW, PW (covariance terms) for 
the ignore parameters; 

o Any parameters to be mismodeled, for example, 
covariance P, CXS, . .., PV, measurement 
noise SIGMES, thrust noise EPTAU and EPSIG, 
etc.; 

o Changes in events, although this is not 
recommended because it may alter the cov- 
ariances even without mismodeling. 

If the user is confident of his input, then several cases of 
GCOV can be stacked (by repeating the gTRAJ and gG0DSEP input 
described above). Such a run might include, for example, comparison 
of different thrust noise levels and correlation times, from those 
assumed by the OD filter. The sensitivity to mismodeling of thrust 
errors can be a very important criteria in the choice of an OD filter 
for low thrust missions. 

4.2.5 PDOT 

One of the key assumptions in a standard covariance analysis is 
the effective thrust noise model. A means of evaluating this model, 
as well as other dynamic modeling assumptions is the explicit 
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integration of the covariance matrix differential equations (PDOT) . 
This is in contrast to the transition matrix methods used in the 
standard covariance analysis. 

Since no transition matrices are required, the STM file is not 
needed except in the possible case where a default 0TRAJ namelist is 
desired which contains reference trajectory parameters. In this 
case, M0DE = 2 and ISTMF = 2 are the only inputs required in gTRAJ. 
Otherwise, the normal gTRAJ inputs are required: TLNCH, ..., NB, 

along with M0DE = 2 and ISTMF = 0. 

The #G0DSEP namelist and scheduling cards are identical to that 
used in the standard covariance run (Section 4.2.2) except for 
PD0T = .TRUE. Most of the options are also available, for example, 
generalized covariance. 

There are a number of restrictions on PDOT capability because 
of its function as a support option intended to check on covariance 
propagation modeling. In particular, no prediction or guidance events 
can be performed. Furthermore, if the input covariance epoch, TCURR, 
is not equal to the trajectory epoch, TSTART (in 0TRAJ), then STATE 
and SCMASS in $TRAJ must be altered and correspond to TCURR. 
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4.3 Tralectory Simulation - SIMSEP 

The two main purposes of trajectory simulation are to examine 
(1) deterministic trajectories, especially the effects of dynamic 
nonlinearities, and (2) the impact of process mismodeling on 
trajectory errors. Each trajectory is simulated in an operational 
environment with a parallel set of “real world” and "assumed world” 
conditions. The real world conditions are randomly selected from a 
set of uncertainties associated with the dynamic, environmental, and 
systems models. The assumed world conditions represent a best 
estimate of what the real world is like. It is obtained by direct 
(but corrupted) and indirect observations of the real world processes. 
The trajectory or mission is carried through a set of trajectory 
related events, e.g., orbit determination and guidance, until a 
stopping condition is reached, usually target encounter. 

Once a mission has been completed, the trajectory is character- 
ized by fuel expenditure, terminal error, magnitude of thrust control 
updates, etc. In line with the main objectives, a comparison can 
then be made between real and estimated world terminal conditions. 
Furthermore, it will also be possible to make a comparison between 
real (and estimated) terminal conditions computed in SIMSEP and 
results computed in an equivalent linear error analysis run. Based 
upon these comparisons many actions may be taken, the most obvious 
being an update of assumed world processes and models to reflect the 
real world more accurately. 

SIMSEP has been designed to run a sequence of trajectory simu- 
lations in order to generate statistics on the terminal conditions. 
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Clearly, the confidence attached to these statistics is largely 
dependent on the number of samples taken 0 As a consequence, this 
Monte Carlo approach is, generally, very expensive in terms of 
computer processing time. This often restricts SIMSEP operation 
to a support role or to analysis of specific processes, e.g., ter- 
minal guidance algorithms or thrust noise effects. 

Because SIMSEP can have a complicated input, and is expensive 
to run, it is recommended that a zero-error case be made first to 
prevent undue expense as a result of input mistakes. This involves 
running a single cycle of the reference mission, including all guidance 
events and related inputs, but with zero-values input for dynamic errors 
or knowledge uncertainties. The results from one mission cycle with no 
errors should compare favorably with the targeted reference trajec- 
tory obtained from T0PSEP, except for small differences due to 
numerical integration noise. After a successful zero-error case, 

SIMSEP can be executed to examine any desired problem. 

4.3.1 Single Cycle - No Error 

The zero-error case is a means of verifying the basic mission 
input and is one of the easiest SIMSEP runs to make (Figure 4-6). 



Figure 4-6. 


SIMSEP Mode Input 
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After the standard j$TRAJ namelist containing TLNCH, , NB, 

and M0DE • = 3, the input to gSIMSEP is NGUID for the number of 
maneuvers or guidance events and INREF = 0, forcing SIMSEP to 
compute reference trajectory conditions at each event and at the 
final time. For each guidance event, there must be a Corresponding 
gGUID namelist containing 

o KTER to determine whether or not target conditions are to 
be computed after this guidance event in order to evaluate 
its success; 

o TGUID for the maneuver epoch; 

o ITARGT and IGUID for the guidance philosophy; 

o H array to define the active low thrust control parameters 
for this guidance event; note that, if numerical differencing 
is to be used in generating state/control sensitivities, then 
the value of each component of H is also interpreted as a 
perturbation forced in the control. In addition, it should 
be noted that controls can be either an impulsive delta- 
velocity or low thrust parameters; if they are impulsive, 
no entries are required in H; 

o TTARG for the target time; 
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o UWATE for control parameter weights; 

o TART0L for allowable tolerances on the target errors; and 

o NMAX for the maximum allowable number of iterations if non- 
linear guidance is specified. 

The zero-error case should result in extremely small guidance 
corrections and target errors. Besides confirming the mission and 
guidance input, a zero error case will generate punched card output 
(independent of IPUNCH) which will greatly facilitate subsequent SIMSEP 
runs. Assuming INREF = 0, the punched cards will include at each guid- 
ance event, the reference state, mass, target variables and either a 
sensitivity matrix of target parameters w.r.t. control parameters (for 
the nonlinear guidance case) or a guidance matrix of control correc- 
tions w.r.t. state Errors at the guidance ■ time (for linear guidance). 
The reference state and mass at the trajectory end (TEND) time will 
also be punched. 

4.3.2 Single Cycle - Forced Monte Carlo 

A very useful method of evaluating either specific errors or worst 
case missions is a "forced" Monte Carlo run. With the random number 
seed, IRAN, set to zero, all error sources are set at their one sigma 
levels. Thus, discrete known levels of errors can be studied, instead 
of randomly sampled. Of course, if all the error levels are one-sigma, 
the mission itself may represent a very improbable case, possibly as 
high as 100 0 " . 

Input for a forced Monte Carlo run is the same as for the 
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previous zero-error case with the obvious exception of non-zero 
errors. The 0TRAJ namelist is the same, and the 0SIMSEP namelist 
contains 

o IRAN = 0; 

o J2 and gravitational errors: J2ERR, GMERR 

o Spacecraft and thrust related errors: SCERR, TCERR, 

TVERR; 

o AV execution errors: EXVERR, if there are impulsive 

maneuvers; the chemical propulsion specific impulse SPFIMP 

o The control covariance, PG, representing the initial 
position and velocity uncertainties; a forced Monte 
Carlo state error consists of a vector containing 
the square root of each eigenvalue rotated back into 
state space; 

o A0K, the upper bound of acceptable quadratic target 
error for non-linear guidance events (total convergence 
occurs when the quadratic target error is less than 
unity) ; 

o INREF =• 0, or if reference conditions are available, 
then INREF = 1, and the reference state and mass at 
the final time (XEND and MEND, respectively) must 
be input; 

o NGUID for the number of maneuvers. 
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Each ^GUID namelist must contain 

o KTER, TGUID, o ® 0 , NMAX, the guidance characteristics 
as in the zero error case; 

o If INREF = 1 in jfsiMSEP, then the reference state 

(XGREP and mass MGREF) at the maneuver epoch, target conditions 
(TARGET, XTREF, MTREF) and either the sensitivity matrix 
for nonlinear guidance or the guidance matrix for 
linear guidance (S) must all be input; 

0 KDIMEN to denote the augmented parameters to the space- 
craft state which have been estimated for this maneuver; 

If the J2-term in the gravitational harmonic function has 
been estimated, then KDIMEN is read as twelve or greater, 
depending on the number of augmented parameters* (See 
Page 48 on the SIMSEP input description.); 
o P, PS, CXS are estimation uncertainties corresponding 
to the spacecraft state, augmented parameters and 
correlations, respectively. 

The forced Monte Carlo option is often used in parametric fashion 
to study specified levels of a particular error source, for example, 
thrust noise. Stacked cases can be used to perform the parametric 
study by repeating the namelist sequence #TRAJ, JfSIMSEP and the 
appropriate number of /GUID's. An alternate, and more efficient, 
method is to set M0DE = -3 in the first case #TRAJ namelist and 
make use of the fact that the initial /SIMSEP and /GUID namelists 
are saved on disc. After the first case, the ^SIMSEP and />GUID 
namelists are repeated for each subsequent case. If this 
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operational procedure is used, those variables that are different 
from the first case need to be redefined during input after the vari- 
ables read during the previous analysis are set to zero. In addition, 
the user must be careful to read zero-length namelists, i.e. $SIMSEP 
or $GUID card followed by a #END card, for all namelists nominally 
requested even if the original is unchanged. 

4.3.3 Monte Carlo 

The most often used application of SIMSEP is in the Monte Carlo 
mode where all mission uncertainties are sampled and the trajectory 
is simulated accordingly. By looking at a number of typical missions, 
each with varying degrees of expected errors, an idea of the trajec- 
tory errors and required control corrections can be obtained. Sta- 
tistical analysis of key parameters, such as final target error and 
mass, total required thrust control correction, etc. should evaluate 
or define realistic system constraints and probability of mission 
success. Obviously, a large number of missions, on the order of 
hundreds, are needed to have reliable statistical data, but even a few 
sample missions will reveal the scope of trajectory non-linearities 
and mis-modeling effects. 

Input to a full Monte Carlo simulation is basically the same 
as that for the forced Monte Carlo. The namelists $TRAJ, ^SIMSEP, 
and {SGUID are all needed with parameters as specified in the previous 
section. Additional variables to be considered in JSSIMSEP are 

o I0UT to specify which sample missions are to be 
printed in detail; if only a few missions are 



175 


generated then all of them should be printed; 
o IPUNCH = 1 to provide punched cards of all the cumula- 
tive statistics at the end of the run; this will allow 
a subsequent run to continue the statistical analysis 
rather than starting anew; 

o IRAN is the random number seed, typically set to unity 
for the first Monte Carlo run; 
o NCYCLE for the number of missions to be simulated; 
o CPMAX is an optional parameter for maximum computer 
processing time; if the actual processing time 
approaches CPMAX and it is estimated that the desired 
number of missions (NCYCLE) cannot be completed, then 
the current mission is completed and final output is 
generated. This includes punched cards for restarting another run. 
The cost of simulating one sample mission with a number of guid- 
ance events can be quite high, especially if nonlinear guidance is 
used. Therefore, it is recommended that considerable planning be 
made before a full Monte Carlo study is run. Some of the possible 
short cuts are increasing the trajectory integration step size (STEP 
in $TRAJ) , using linear guidance wherever possible, minimizing the 
maximum number of iterations ( NMAX in #GUID) for nonlinear guidance, 
and eliminating unnecessary computations (for example, KTER — 0 in 
#GUID) . Another possibility is simulating only key mission segments, 
in particular the terminal approach phase, and studying other segments 
with a few simulations and/or with the forced Monte Carlo option. 
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4.3.4 Monte Carlo Continuation 

It is often wise to divide a Monte Carlo analysis into smaller 
sample sizes th=m one large run. This serves two purposes: (1) the 
early detection of input errors before sizable computer time is spent, 
and (2) examination of missions as they are generated. The latter rea 
son could conceivably result in a change in guidance strategy which 
would cause the Monte Carlo study to begin again. 

A prerequisite to the Monte Carlo continuation are punched cards 
containing statistical results of all previous runs (IPUNCH - 1 in 
#SIMSEF) . The input to a Monte Carlo continuation is the same as in 
the previous section except for inclusion of the cumulative statistics 
In jSSIMSEP these include the total thrust control correction covari- 
ance (only of the active controls used in guidance events) ATHCOV, 
total AY variance, ADVT, state covariance at the final time ENDCOV, 
final spacecraft mass variance AMASS, and the number of Monte Carlo 
cycles used to generate these statistics, MC. In each $GUID namelist 
the parameters to be included are: state control covariance CC0VG, 

AV covariance DVMC0V, AY magnitude variance DVMAG, spacecraft mass 
variance GMSC0V, thrust control correction matrix CNTC0V, state error 
covariance at the target time CC0VT, spacecraft mass variance at the 
target time TMSC0V, target error covariance TARC0V. CC0VT, TMSC0V, 
and TARC0V are computed only if KTER = 1. The number of maneuvers 
used in computing these statistics is specified by the variable MSAMP. 
All of the matrices noted above contain not only variances and covari- 


ances but also the cumulative mean values. 
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4*4 Case Stacking and Mixed Mode Operation 
Case stacking is generally not recommended within modes and 
definitely not recommended for mixed mode operation* There is too 
much room for error, even for the experienced user, to assume the 
input and operation of one case will successfully provide the 
required data for the next case. There are a few exceptions which 
might warrent case stacking, and some of these conditions have been 
discussed in previous sections. 

The M0DE flag in namelist gTRAJ controls not only the mode 
(TOPSEP, GODSEP or SIMSEP), but also the point to which program 
logic will cycle back. A positive M0DE will return to MAPSEP main 
and will expect a 0TRAJ namelist for the next case. A negative 
M0DE will return to the mode main and expect a mode namelist. Note 
that once recycling is done within the mode, logic will never return 
ta MAPSEP main, therefore, (1) any subsequent cases must apply only 
to that mode and (2) no changes to the reference mission are allowed 


Some of the possible conditions under which case' stacking might 


be^ performed are: 


„ 

Mode 

M0DE 

Flag 

Func tion 

Conditions 

TOPSEP 

+1 

Trajectory 

Propagation 

Generating time histories for 
different missions. 

TOPSEP 

+1 or -1 

Ini tia 1 
Guess 

Generating more than one ini- 
tial guess for subsequent 
targeting by applying different 
sets of initial conditions, 
thrust parameters, and/or 
mission constraints for each 
case. 
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Mode 

M0DE 

Flag 

Func tion 

Conditions 

TOPSEP 

-1 

Grid 

Generation 

Extending the scope of the tra- 
jectory grid. 

TOPSEP 

-1 

Targeting 

Examining various targeting 
strategies for a given mission. 

GODSEP 

+2 

STM 

Generation 

Generating a STM file with 
verification by a simple error 
analysis check case. 

GODSEP 

+2 

Covariance 

Analysis 

Generating a STM file for a 
unique mission with a subsequent 
error analysis* 

GODSEP 

+2 

Covariance 

Analysis 

Analyzing different navigation 
strategies and/or error sources 
for the same mission. 

GODSEP 

+2 

Generalized 

Covariance 

Performing a standard error 
analysis to generate a GAIN 
file and using generalized cov- 
ariance to evaluate suspected 
mismodeling effects. 

GODSEP 

+2 

Generalized 

Covariance 

Analyzing different mismodeling 
assumptions with generalized 
covariance runs. 

GODSEP 

+2 

PDOT 

Performing parametric variations 
of dynamic error sources and 
evaluating their covariance prop- 
agation effects with the PDOT 
option. 

SIMSEP 

+3 

Missions 

Simulating several different 
missions for comparison. 

SIMSEP 

+3 

Errors 

Examining different sets of error 


sources on the same mission 
(forced Monte Carlo). 


Examining different guidance 
strategies for a given mission. 


SIMSEP 


-3 


Guidance 
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